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Mozambique is a poor country with a high exposure to recuming drought. The 

population of Mozambique has a low resistance to the variability that drought brings. 

This study examines the problem of how to better manage drought in this context, 

through managing the risks of drought rather than the crisis of drought. The study 

focuses on three relevant issues: assessing the risk of exposure to drought, exploring 

control options to mitigate the impacts of drought and assessing the institutional capacity 

to plan for and manage drought. 

Rainfail data from 58 stations covering the years 195 1 to 1982 is compared to 

southeni oscillation index (SOI) data covering the same period. Quantitative analysis of 

the results is used to improve the exposure assessrnent to drought in Mozambique. 

A control option is presented which may be both sustainable and feasible for the 

context of Mozambique. This is complemented with an analysis of the institutional 

capacity of Mozambique to implement a risk management approach in planning for 

drought. An action plan to help the government of Mozambique overcome institutional 

barrien, fül knowledge gaps and ensure a proactive local response to drought is 

presented. 
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Fight nature a d  you willfight forever. 

CELAPTER ONE - INTRODUCTION 

1.1 The Problem of Drought in Mouunbique 

Drought is a serious problern with many consequences. It causes crops to fail, 

families to starve and can aggravate tense political situations. Many developing countries 

have become trapped into relying on emergency relief measures to feed, clothe and house 

their people when seasonal rains fail. Furthemore, recurring drought reduces the stability 

of ecosystems (Ellis, 1994). which affects human development needs. The availability of 

water is even considered to be a potentid source of conflict in the coming decade. 

The adverse effects of drought may become wone in coming years. According to 

a World Bank Report on sustainable development in sub-Saharan Africa ( 1995), 

"Climatic variability appears to be increasing in a number of areas particularly dependent 

on rain fed agriculture ... The production systerns and the econornies as a whole in these 

areas are becorning less resistant to this variability." 

One country severely affected by drought is Mozambique. Mozambique has been 

exposed to three devastating droughts since the early 1980s. including "the wont drought 

in living memory" in 1992 (WFP, 1995) and what was commonly cailed "the drought of 

the century'' in 1982-83. Not only is drought a common occurrence in Mozambique. it 

has a severe impact on the population. During the drought of 1992, Mozambique 

received over one hundred million dollars of aid from the World Food Programme m) 



alone, and "3.9 million Mozambicans ... were saved from starvation" (WFP, 1996). 

It is difficult to differentiate between the effects of drought and those of war in 

Mozambique's ment history. It is even more dificult to determine how much s u f f e ~ g  

or loss of life has been caused by each event and how much relief has been provided as a 

result. However, by exarnining climate records it is easy to see the recurring nature of 

drought in Mozambique. especially in the southem part of the country. By using a 

definition of drought used by Mozambique's National Weather Service (INAM). which is 

when seasonal precipitation falls below 75 percent of the long term mean, the following 

table illustrates the fact that drought visits certain regions in Mozambique with alanning 

regui ari ty . 

Table 1 - Recurring drought in Mozambique 

75% of No. of years 

677.29 

Recurrence interval' 
of drought (years) 

16 

i The regions are discussed section 3.1. A map of the regions can be found in appendix A. 

'In the 3 1 season record used. 

'~ecurrence interval = (n+l)/m, where n is the number of observations 
ranked order of magnitude (Schulz, 1978). 

and m is the 



While the impacts of drought in Mozambique are severe, the figures in table 1 

should make it clear that these impacts Vary a great deal regionally. The Angonia plateau 

(in the north West of the country, in region 1) bas relatively consistent rainfall. and the 

provinces of Niassa, Cabo Delgado and Nampula (region 2) usuaily receive dependable 

arnounts of rainfall from Inter-Tropical Convergence Zone (lTC2) convection, as can be 

seen fkom the low probability of drought in these regions. On the other hand, drought is 

the dominant source of risk to food secwity for households at risk in all districts surveyed 

in Zambezi a ( P W p s ,  1 PX), which is in region 4 where, based on the defuiition of 

drought used, drought only occurred once in the 3 1-season record. This suggests that 

factors other than the amount of rainfail must be considered when discussing drought in 

Mozambique. This topic wiil be discussed in section 1.4. The regions with the highest 

exposure to drought are regions 6 and 7, the provinces of Gaza, Inhambane and Maputo, 

where drought can be expected approximately one year out of four. 

Drought not only is a recurring feanire of Mozambique's climate, it also has a 

senous impacts on the country, impacts which are in general much greater than in other, 

more developed, countries. Drought impacts the economy, the environment and society 

in Mozambique. A few of these impacts are summarised in table 2: 



Table 2 - Drought's impact on the economy, environment and society 

Economv 

Loss from production 
Iucome loss for farmers 
Decline in food 
production and supply 
(increases in prices and 
imports) 
Revenue loss to 
govemment 

a Cost of water 
transportation or transfer 
and new or supplemental 
water resources 

Environment 

a Increased 
incidence of 
F m  

a Damage to 
plants and 
animais 
Decrease in air 
quaiïty (dust) 
Decreased 

carry.ig 
capacity of 
grazing lands 

Societv 

Food shortages 
a LOS of human 

life 
Conflicts of 
water use 
Poorer Living 
conditions, 
increase in 
I'ovew 
Population 
migration to 
urban centres 

(adapted from Wilhite, 1993a) 

1.2 A Brief History of Mozambique 

To fdly understand the current situation in Mozambique and why it is so 

vulnerable to the effects of drought, one must have an appreciation for its history. 

Mozambique is a country of many contrasts, many cultures and many horrific tales of 

violence, starvation and betrayal. It is a country which has been abused by Portuguese 

colonialists, South African sponsored terrorists and mis-guided government policies. 

According to Newitt (1995)- European presence in Mozambique began in 1498, 

with the arriva1 of Portuguese explorers. Vasco Da Gama set sail from Lisbon in 1497, 

and the naval tradition he brought with him was one of looting, sacking and plunder. Da 

Gama's voyage was followed by others who established the Portuguese as the dominant 

traders in the Indian Ocean, replacing Muslirn traders, and doing so in a forcehl and 

sometimes violent manner. By 1507 Portugal had a permanent settlement at Rha de 

4 



Moçambique. Despite some setbacks, the Portuguese eventually used advantages in 

rnilitary technology, both marine and land-based, to secure and dominate trade in the 

region. 

ln the centuries that foilowed, Portugal's relation with Mozambique was rnainly 

one of military exploit, trade and resource extraction. Gold, then ivory, and fmally slaves 

were the main exports in the early part of Portugal's d e  over Mozambique. While only 

about 100,000 slaves were officially taken from the country from 1764 to 1830, it has 

k e n  estimated that as many as two million slaves were exported during these years. 

Later, land was appropriated, taxes and forced labour were imposed and labourers were 

exported to work in mines in neighbouring countries. Violent conflict and enforced order 

were almost constant presences in Mozambique. 

This conflict exploded on September 25, 1964, when an independence movement 

called FRELIMO (Frente de Liberaçiio de Mgambique, or Mozambican Liberation 

Front) raided a military base in the north of the country. The war continued as a sporadic, 

low-intensity affair with FRELiMO making headway in the north and Portuguese 

colonialists holding on to the south. The war effectively ended in 1974 with the 

overthrow of the Salazar regime in Portugal. Independence was celebrated in 

Mozambique in July of 1975, when FRELIMO took over the reigns of government. 

In 1977, at its Third Party Congress, FRELlMO declared itself a Marxist party. 

Partly based on this. a ''social revolution" was pianned and implemented. Health, 

literacy, women's rights and workers' rights were greatly improved. Primary school 

enrollment doubled and secondary school enrollment increased by almost 700 percent. 



AU of FRELIMO's programs were not successfd. however. Communal villages and 

S tate Farms, for example, were largely abandoned by rurai Mozambicans in favour of 

their traditional villages. 

Further problems were to haunt Mozambique in its newly gained independence. 

A massive out-migration of skilied and educated workers cnppled factories and 

traasportation networks. South Afiica laid off mine workers, which had an enormous 

impact on foreign currency earnings. Flooding, followed by several years of drought, 

devastated food crops. But by far the most significant event was the rise in power of 

RENAMO (Resistencia Naçionale de Moçarnbique, or Mozambican National 

Resistance), a Rhodesian-founded, South African-backed, and, in later years, locally 

supported guerilla movement. 

South Africa's support for RENAMO was to a certain extent a reflection of its 

foreign policy towards Mozambique. South Afica supported the war of destabilisation in 

order to reduce Mozambique's support for the African National Congress, to prevent the 

Southem African Development Coordination Committee4 from becoming an economic 

force, as well as to force land-locked countries to use South African ports. However, 

according to Newitt, South Afiica went well beyond what was necessary to destabilize 

Mozambique, and "(punued their policy) with a venom and mthlessness which did not so 

4 Also known as SADCC, a regional organisation of economic and political CO- 

operation amongst the "Frontline" or majority nile States in southern Afnca 
established to counter South Africa's political and economic dominance of the 
region. Since the fa11 of the Apartheid Regime in South Afnca, SADCC has 
become the Southem African Development Committee (SADC), and continues to 
play the same role, with South Afnca as a member. 



much weaken as virtuaily destroy the economy (of Mozambique) and threaten to destroy 

the economy of the whole region." 

RENAMO's mission nom the outset was to attack physical infrastructure, social 

infrastructure and rural communities themselves (for a detailed account see Magaia, 

198 1). By the beginning of the 1990s, the war had taken a heavy toll on the country. 

While reliable numben are hard to corne by, almost half a million people were forced to 

fiee to neighbouring countries and four million were displaced within Mozambique. 

Between 100,000 and one million people were killed. As many as 70 percent of al l  

primary schwls were destroyed. In 1990, the World Bank gave Mozambique the dubious 

distinction of king the poorest, hungriest and most indebted country in the world. By 

this point, Mozambique had virtuaily ceased to function as a country, which left the 

population of Mozambique extremely vulnerable to the ravages of drought, as well as just 

about everythng else. 

A peace accord was signed on October 4th, 1992. Multi-party, democratic 

elections followed in October of 1994 and FRELIMO emerged with a mandate from the 

people to govern and rebuild the country. 

While the peace accord and elections have brought relative stability to 

Mozambique, the eflects of the war (which was frequently caüed a "war of 

destabilisation") remain. Institutions and social organisations are in a state of dismay 

and have little capacity to function normally. 



13 The Present-Day Context 

Today Mozambique remains a poverty stricken nation with a fragile and 

vulnerable population. From 1988 to 1996 Mozambique has k e n  Listed as the world's 

poorest country, with a GNP per capita ranging from $60 to $100 per year (World Bank, 

1989 to 1996). Other development indicators are equaiiy low, as can be seen in the 

following table: 

Table 3 - Selected indicators of development in Mozambique and Canada for 1995. 

hdicator 1 Mozambique 1 Canada 

Life expectancy at birth 1 46 years 1 78 years 

Population with access to safe drinking water 1 22 percent 1 1 00 percent 

Infant mortality 

Population per physician 

Food aid received in cereals 1 958,000 tons 1 O tons 

- - -  

146 per 1000 births 

1 8,870 ( 1970 data) 

tertiary schooi 1 O percent' 1 99 percent 

7 per 1Oûû births 

680 ( 1970 data) 

Percent age group enrolled in primary school 

secondary school 

(Source: World Bank, 1996) 

60 percent 

8 percent 

Adult literacy rate 

The population of Mozambique is one which has a very low resistance to high 

variability, and the country has iimited capacity and resources to deal with problems such 

107 percent 

104 percent 

' ~ t  should be noted that there are at present three universities in Mozambique. 

8 

33 percent >95 percent 



as drought. This is a result of the country's history of colonialism and the war that 

foilowed. Given this situation, what is needed to manage drought in Mozambique is a 

strategy which makes the most of scarce capital resources, can be supported by a weak 

institutional framework and is effective at rnitigating the consequences of drought. In 

other words, ahat  is needed is an adaptive, holistic approach to drought management. 

1.4 Definition of Drought Used in the Study 

While it has been seen that drought is a serious problem in Mozambique and has 

dire consequences for the general population, drought often means different things to 

different people. In fact, there are many ways in which one can define drought. In 

choosing a definition it is important to have a clear understanding of the various 

components of drought, and how these relate to the environmental, social and economic 

contexts of the region in question and problem at hand. 

Drought causes more destruction than ail other naturai disasters (Kogan, 1995), 

although it differs from other naturai disasters in that: 

there is no ciear beginning or end to drought (it is a "creeping" phenomenon) 

there is no universal definition of drought, which leads to confusion about the 

existence and severity of drought 

the impacts of drought are spread over a larger area than with other disasters but 

are less obvious 

droughts seldom result in structural damage 



(Wilhite, in Wilhite ed, 1993) 

Drought should not be confused with aridity, which is the permanent condition of 

low rainfall. At the simplest level, drought c m  be defmed as "a shortage of water in the 

system concemed" (Nix in IRRI, 1982), or "when water demand outstrips supply" (Da 

Cunha et al in Yevjevich et ai, 1983). However, as stated above, these definitions could 

easily lead to confusion between people involved in different activities. For example, a 

meteorologist may declare an area to be experieocing drought when precipitation is below 

a certain level, while villagea relying on a bore hole for their water needs in the sarne 

area may not notice any shortages. This is because ground water (from an aquifer) and 

precipitation are not necessarily directly related. 

There are many physical facton for measuring drought, including rnoisture in the 

atmosphere, depth and water content of snow pack, stream flow, precipitation, reservoir 

storage, ground water, soi1 water mentes and evaporation and evapotranspiration rates 

(Hubbard in Wilhite ed, 1993). A usehl definition for drought in Mozambique must take 

into account these factors and the fact that agriculture is the principal source of nird 

subsistence, and for some crops is a major export for the nation. The most important 

physical facton to measure drought in Mozambique are: 

i. Moisture in the atmosphere 

Atmospheric moisture is a main source of rnoisture for cloud formation, which in 

tum is necessary for precipitation. Moisture in the atmosphere can take any one 



of the three phases (solid. liquid, gas), and pass from one phase to another. 

ü. Precipitation 

Precipitation is either intercepted by forest canopy or other vegetation. or it 

reaches the ground. That which reaches the ground either infiltrates the soil or 

becomes run-off. AU aspects of precipitation are important to agriculture. This is 

especially true in Mozambique. where virtuaiIy aii agriculture, especially 

subsistence agriculture, is rain fed. 

iii. Soil water reserves 

High crop yielcis rely on adequate soil moisture content. From an agricultural 

point of view this may be the most important factor in deciding whether or not 

drought exists. However, soil water reserves are hard to measure and are usually 

expressed qualitatively. 

iv. Evaporation and Evapotranspiration rates 

Plants will expenence stress if evapotranspiration is greater than available 

moisturc This will reduce crop yields. 

(adapted from Hubbard, in Wilhite ed, 1993) 

Because Mozambican agriculture is maidy min-fed, and the climate regime is of a 

single wet season, the most important of these four factors to consider is precipitation, 



which is strongly related to soil moisture conditions. It should be noted that all four 

factors are closely reiated. 

This coincides with Wilhite's interpretation of agicuitusal drought, which "...links 

various characteristics of meteorological and hydrological drought to agricultural impacts, 

focussing on precipitation shortages, ciifferences between actual and potential 

evapotranspiration, soil water deficits and so forth." (Wilhite, in Wilhite ed, 1993). 

However, precipitation and other physical factors are o d y  one part of the 

equation. Social, technological, economic and other factors. which wili Vary a great deal 

from region to region, must be considered. The success or failure of a family's livelihood 

strategy could depend more on these latter factors than variability in precipitation or soi1 

moisture. This may be the case in the province of Zambezia where, as  mentioned in 

section 1.1, drought is the dominant source of nsk to food security for households at risk 

in al1 districts surveyed in Zambezia (Phillips. 1996), yet based on a definition of drought 

used by INAM which includes only variability in precipitation, drought only occurred 

once in the 3 1-season record. 

For purposes of policy and planning, definitions must be simple to understand and 

use, and must apply in the real world. Of the four physical factors, precipitation is the 

only one for which there is a historical record, and is the only factor which is measured 

over a large area with some regularity in Mozambique. This does not mean that the other 

three factors must be excluded from the definition, only that they must be expressed 

qualitatively (e-g., the soi1 is drier than usual). Social, technological, economic and other 

"soft" factors are also difficult to measure, and are independent of physical factors. 



However, they aii act as an interface between climatic variability and the success or 

failure of a livelihood systern. and thus can be grouped into having the effect of 

preventing climatic drought from adversely effecting the livelihood system, or failing to 

do so, resulting in increased hardship and suffering. 

Thus drought as it relates to this study is defmed as: 

When precipitation, soi1 moisture. amiospheric moisture und evaporation and 

evapotranspiration rates are a? levels that reduce crop yields to such an extent as 

to cause increased hardship on o given population, in particular rural subsistence 

fanners, 

When discussing defuiitions of drought, especially in an agricultural context, the 

concept of "green drought" must also be considered. Green drought OCCLUS when there is 

a normal amount of precipitation during a season, but due to poor timing plants do not 

receive enough moisture when it is needed. For example, maize needs moisture in the 

silking through blister stages for pollen to stick to tassels and to fil1 the grain (Cane et ai, 

1994). I f  there is not enough moisture available at this time, the crop yield will be 

reduced. 

15 Drought Management Strategks and Planning witb Nature: Crisis Management 

versus Risk Management 

Drought, if not managed properly, often results in a cnsis situation. The impacts 



discussed in section 1.1 are both very real and severe. This is especiaiiy so in a country 

such as Mozambique, where the population is vulnerable to change, and the government 

may not have the capacity to respond to drought. 

Strategies for 

managing drought 

can Vary depending 

on the geographic 

scale of the drought 

and number of 

people affected. 

S trategies can 

usually be grouped 

into one of two 

forms: "crisis 

management" and 
Figure 1 - Risk management and crisis management of drought. 

"risk management." A cnsis management strategy deals with the problem (cnsis) once it 

occurs. A risk management approach, on the other hand, seeks to reduce the exposure to 

risk that people, comrnunities or countries face through anticipatory and preventative 

measures. Risk involves two elements: the probability of k ing exposed to a certain risk 

and the hazard that the risk poses (Dooley, 1986). Risk management approaches (or 

"control options") rnay be further broken d o m  into two categories: those that reduce risk 

by adapting livelihood strategies to fit into natural variability such as drought, and those 



that reduce risk by adapting nature to suit huma. needs. During periods of extended 

drought the latter must mor t  to crisis management (food aid) while the former need only 

do so in a worst case scenario, or when poor choices have been made in selecting 

Livelihood strategies (see figure 1). Crisis management of drought is a stopgap measure, 

while reducing risk through adapting Livelihood strategies is sustainable development. 

Of the four conventional drought management strategies discussed in section 2.4, 

food aid is strictly a cnsis management strategy, while the others are al1 to varying 

degrees nsk management strategies. For various practical, political and economic reasons 

(the principal of which is the almost constant presence of war from 1964 to 1992) drought 

management in Mozambique has almost exclusively foliowed the crisis management 

approach in recent years. 

This is a Iess than satisfactory strategy for a number of reasons. It is not a 

sustainable way of managing drought, as it ignores environmental factors which have 

major impacts on society and the economy. Secondly, it is not feasible, or at the very 

least not cost effective, to manage drought in this way in a country which has very Little 

infrastructure in terms of roads. railways, ports and communications, and has a very 

dispersed, rurai population. Thirdly, it is not holistic. 

1.6 Problem Addressed by the Study 

The problem this sîudy wiil address is that of how to better manage drought in 

Mozambique. In this chapter it has been shown that drought is a serious problem in 

Mozambique due to both the high exposure of drought and the hazard it poses to the 



population. Current methods of managing drought are inadequate due to the fact that they 

are not sustainable, not feasible and not holistic. 

At the very least, this study WU detennine whether or not it is possible to improve 

drought management in Mozambique. However, the best possible outcome of this study 

would be the development of a better drought management strategy for Mozambique, one 

that woiild help improve the food security of the country at the local and national levels 

and reduce dependancy on donor aid while minimishg environmental impacts. 

1.7 Assumptions and Hypothesis 

The central assurnption of this study is that planning with nature, that is living 

within the inherent variability of nature rather than constantly fighting it, will allow for 

more effective drought management and drought impact mitigation. The hypothesis of 

this study is that planning with nature in managing drought in Mozambique is both 

possible and practical. It may also prove to be the most effective and efficient strategy. 

Planning with nature m u t  be done by managing the risks of drought rather than the crisis 

of drought, and managing risks by adapting livelihood strategies rather than adapting 

nature. 

In order to plan, one requires information upon which to base decisions and 

institutions to develop and implement decisions. Planning with nature further requires 

adapting livelihood strategies to the variability of nature. This study wil1 only examine 

the information needs and the capacity of national level institutions to plan with nature in 

Mozambique. The ability of families, communities, regions or a country to adapt to 



impending drought is beyond the scope of ihis snidy. 

1.8 Goals and Objectives of the Study 

It will be argued in the following chapter, the literanire review, that there is room 

for improvement in managing the effects of drought in Mozambique in two key areas. 

The fmt area is predicting drought, as evidence suggests that El Niîio/southem oscillation 

(ENSO) teleconnections may be used in making seasonal forecasts in Mozambique. The 

second area is in developing an improved drought management strategy, based on risk 

management of drought. Finally, it will be argued that for the Government of 

Mozambique to use these tools in planning for drought, functioning institutions are 

needed, requiring a methodological approach for assessing Mozambique's capacity to 

manage drought . 

The goal of this smdy is: 

To develop a risk management approach for managing drought in Mozambique. 

The objectives are: 

1. Review how ENSO has been linked to climate anomalies in previous studies. 

2. Examine the possibility of establishg a quantitative telecomection between 

ENSO and precipitation over Mozambique. 

3. Suggest a holistic, adaptive drought management approach. 

4. If a reliable telecomection exists, assess the institutional capacity and 



requirernents for ushg drought prediction in drought management in 

Mozambique. 

5. Present an action plan to heip the Governent  of Mozambique develop a risk 

management strategy to manage drought. 

1.9 Organisation of the Study 

This chapter has provided a foundation for the study, by establishing that 

Mozambique is an extremely poor country with a population vulnerable to change. 

Mozambique is exposed to recurring drought, and the nsks associated with this exposure 

are great due to both the probability of occurrence and the severity of its consequences. 

Some conventional solutions to the problem were reviewed and the assurnptions and 

hypothesis of the study were stated. 

Chapter two will review literature conceniing drought prediction. drought 

management and institutional requirements for managing drought. From this review and 

critique, the goal and objectives of the study are derived. 

Chapter three discusses the methods used in the study to collect and analyse data. 

Both quantitative and qualitative methods are used. 

The fmdings of the study are presented in chapter four. 

Implications for rural planning and development and areas for M e r  research are 

discussed in chapter five. A summary of the more signifiant conclusions is also 

presented. 



CHAPTER 'IWO - LITERATURE REVIEW 

This chapter will review the literahue on rnanaging cirought fiom a nsk 

management perspective. This includes assessing Mozambique's exposure to drought, 

choosing appropriate management strategies and examinhg what institutions are 

required, and what is required of institutions, to successfully manage drought. 

2.1 Managing the Risks of Drought 

Living 

with risk 

successfully 

involves 

assessing risk and 

making decisions 

regarding how to 

Iive within risk. 

One mode1 for 

assessing and 

managing nsk is 

that developed by Figure 2 - Risk assessrnent and risk management (source: Baker, 1996). 

the US National Academy of Sciences in 1983 (Baker, 1996). It defines the components 

of risk assessment and risk management, and how the two are related (see figure 2). 



Applying the mode1 to this sîudy. the hazard is drought (or the consequences of drought) 

and the dose-response assessrnent is relatively constant: even a small drought can have a 

severe impact. The exposure assessment when done, relies mainiy on probability based 

on historical data 

On the management side, there is at present one main control option used in 

Mozambique, that of providing food aid to the affecteci population. Food aid is received 

from the international donor community. 

In developing a nsk management strategy for drolight management there are two 

obvious areas for improvement. The fmt is improving exposure assessment from 

knowing the probability of drought occurring to predicting the occurrence of drought with 

greater reliability. The second is in developing better control options for allaying the 

effects of drought. The third area is to assess the institutional capacity to mess and 

manage drought. and to strengthen this capacity if necessary. However, it must first be 

estabiished what needs to be done in order to determine what is required of Mozambican 

institutions. 

2.2 Exposure Assessment: Developing a Drought Preàiction Mode1 for Mozambique 

2.2.1 The ENSO Phenornenon 

In recent years there has b e n  significant interest in investigating "linkages over 

great distances of seerningly disconnected weather anomalies" (Glantz, 199 1). othenvise 

known as climatic telecomections. Most of this interest centres around the El 

Niiio/southern oscillation (ENSO) phenornenon. which is regarded as being the most 



important representative of climatic teleconnections (Latif et al, 1993). ENSO 

teleco~ections have been previously used in agricdniral planning with success, most 

notably in Pem and Brazil (NOAA, 1994). In these regions El Niiïo has become a widely 

recognised and respected weather event, with such headlines as "El Niiio causa seca, 

tempestade e destniiçZo" ("El NEo causes drought, storms and destruction," 21 August, 

1997, Siio Paulo, Brazil) appearing in newspapers at the onset of an anticipated major El 

Nino event. The combined cost of flooding, hunicanes, droughts and fires attributed to 

the 1982-83 El Niiio arnounted to some US$8,110,000,000 (UCAR, 1994). 

While El Niiio and the southem oscillation are intimately Linked, they are not 

synonymous. An El Nino event is distinguished by anomalously warm surface water in 

the entire tropical Pacific for about one year (Rasmusson and Carpenter, 1982), while the 

southem oscillation is "a coherent pattern of pressure, temperature and rainfaii 

fluctuations (whose) primary manifestation is a seesaw in atmospheric pressure at sea 

level between the southeast Pacific subtropical high and the region of low pressure 

stretching across the Indian Ocean from Afica to nonhem Ausualia" (Rasmusson and 

Wallace, 1983). An ENSO event (associated with El Nino, a positive SST6 anomaly, a 

negative SOI7 and the low index phase of the southem oscillation) is considered to occur 

when the foilowing conditions are satisfied: 

1. the SST of the eastem equatorid Pacific is anomalously positive for at least three 

%ea Surface Temperature 

7~outhem Oscillation Index. For definition, see section 2.2.2. 
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seasons 

2. at least one of these seasons has a SST anomaly of +OS0 C 

3. the SOI rernains below - 1 .O for the same three seasons 

(Kiladis and Diaz, 1989) 

La Nifia, the name often given to the years when there is no El Nino, generally has 

the opposite characteristics. 

The link between El Nifio and the southem oscillation was revealed in an analysis 

of routine data taken fiom a merchant ship in 1957-58. This led to the view that "the 

ocean circulation plays the role of a flywheei in the climate system" and is responsible for 

many persistent climatic anomalies (Rasmusson and Wallace, 1983). 

2.2.2 Measuring ENSO 

The state of the southern osciliation can be quantified by the southem oscillation 

index (SOI), which is the standardised difference of surface pressure in Tahiti and 

Darwin, Australia. The SOI has been recorded since 1876 and is generaüy deemed to be 

the most useful way to rneasure ENSO (Ropelewski and Jones, 1987). A negative SOI is 

associated with an ENSO event, and signifies a fall in pressure over Tahiti, a rise in 

pressure over Darwin and a reversai of trade winds fiom easterlies to westerlies. 

Another way of measuring the state of ENSO is through changes in Sea Surface 

Temperature (SST) in the eastem equatorial Pacific (90' to 150 O West and 5 O south to 5 O 

north, known as the NIN03 region). A positive SST anomaly is associated with an 



ENSO event, and is also associated with a reversai of trade winds from easterlies to 

westerlies. The advantage of using the SST index over the SOI is that it provides a 

smwther signal, with "less month to month variability due to atmospheric fluctuations 

distinct from ENSO" (Cane et al, 1994). 

2.23 The Timing of ENSO 

ENSO events last on average just over two years, and generaüy result in the 

foiiowing pattern: 

year -1 JJA* below normal SSTs in eastern tropical Pacific (many negative and 

positive anomalies around the wodd); strong surface easteriies 

West of date line 

SON same; southem osciliation starts to shift (mean pressure over the 

western equatorial Pacific nses, over the east fdls) 

year O (year zero is when the SOI becornes negative and eastem equatorial Pacifc SST 

anomalies become positive) 

DE SST anomalies in the eastem tropical Pacific weakening; rapid 

change to oegative SST anomaiy around hdonesia 

MAM above normal SST in eastem equatorial Pacific 

JJA same conditions as DJF/MAM, with increase in area to about 40 O 

south; reversal of surface easterlies 

8 JJA = June, July, August; SON = September, October, November; DJF = 
December, Janua<y, Febmary; MMA = March, April, May. 



SON strengthening of conditions (SST anomaiies, prevailing wuids). 

maximum negative anomaly around Indonesia (previous global 

SST anomalies reverse sign) 

D E  continued strengthening of conditions, maximum SST anomalies in 

most areas 

MAM weakening and reversal of anomalies in eastem Pacific 

IJA weakening of associated anomaiies around the globe 

(KilAs and Diaz, 1989; Rasmusson and Wallace, 1983) 

2.2.4 Low Index Phase Teleconnections 

The strongest climatic teleconnections associated with ENSO are linked to the 

Iow index phase of ENSO and precipitation anomalies in the tropics (Haipert and 

Ropelewski, 1992), although there are telecomections with precipitation, temperature and 

wind fields at most latitudes9. The relation between ENSO and precipitation anomalies in 

southem Afnca has been confmed by many authors (Shuize, 1983 and Pittock, 1983 in 

Nicholson and Entekhabi, 1986; Nicholson and Entekhabi, 1986; Ropelewski and 

Halpert, 1987; Lindesay, 1988; Matarira, 1990; Ropelewski and Halpert, 1989; Kiladis 

and Diaz. 1989; Lindesay and Vogel, 1990; Tyson, 1993; Matarira and Unganai, 1995; 

Cane et al, 1994; Jury, 1995). There is also evidence for a relationship between 

temperature and ENSO (Kiladis and Diaz, 1989; Halpert and Ropelewski, 1992). 

In this study drought in southem Africa wiIl be considered to be an anomaly, even 
though it may be part of an irregular, repeating cycle. 



There is simcant evidence that precipitation in Mozambique specificdy is 

influenced by ENSO. The eastem part of southern Africa (roughly north-eastem South 

Afnca, southem Zambia, Zimbabwe, Mozambique and Madagascar) has been identified 

as "an area with a consistent ENS0 precipitation signai" (Trenberth in Glana et al, 

199 1 ) .  Research in Zimbabwe (Matarira, IWO; Cane et al, 1994) and South Africa 

(Lindesay, 1988; Lindesay and Vogel, 1990; Matarira and Unganai, 1995; Jury, 1995, 

Jury et al, 1996) has yielded statistically simcant correlations between ENSO and 

precipitation anomalies. 

See maps one and two for an illustration of low index phase global 

teleconnections, 

Map 1 to the low phase ENSO (source: Glantz Glantz et al, 1991) 

2.2.5 High Index Phase Teleconnections 

Climatic telecomections are aiso linked to the high index phase of ENSO. While 



there have been many studies of global precipitation anomalies related to the low index 

phase of ENSO, there has been less work on relating anomalies to the high index phase. 

Nineteen areas have been identified as candidates for king  infiuenced by the high index 

phase of ENSO by Ropelewski and Halpert (1989). Two of these regions are in Afnca 

(equatoriai eastem Afnca and south eastern Afiica). A tendency for dry to near nomial 

conditions was found in eastern equatoriai Afnca (ai the 95% confidence level), and a 

tendency for above normal precipitation in south eastem A£iica (at the 90% ~ o ~ d e n c e  

level). 

22.6 Cornparhg High and Low Index Phase Teiecomections 

The relationship between climatic anomalies can be revealed by comparing 

conditions during the low index and high index phases of ENSO. In fact, "regions of 



large, statisticdy si@cant signals during warm events are characterized by equally 

large signais of the opposite sign during cold events" (Kiladis and Diaz, 1989). This 

statement is supported by Meehl(1987), Bradley et al. (1987) Kiladis and van Loon 

(1988) and Ropelewski and Halpert (1989) (Kiladis and Diaz, 1989). This implies that 

"the global climate system tends towards two approximately inverse States with respect to 

the SO," one state corresponding to higher than normal SSTs and the other to lower than 

normal SSTs (Kiladis and Diaz, 1989). This fincihg is supported by global circulation 

models (GCMs) (Lau, 1985). 

Küadis and Diaz dso note that there is a "tendency for warm (low index) and cold 

(high index) events to occur in adjacent years in the record." This "biennial tendency" 

does not, however, occur in al1 ENSO events. 

2.2.7 Temperature Anomalies and ENSO 

While most studies relate large scale precipitation anomalies to extremes in 

ENSO, temperature anomalies can also be related to both the high and low index phases 

of ENSO (see map 2). 

Temperature response to ENSO occurs in 11 regions for high index events, in 12 

regions for low index events, and weather in the tropics (20" S to 20" N) is influenced by 

ENSO the most. Findings were found to be significant at the 0.99 level for most areas 

(Halpert and Ropelewski, 1992). 

There are two regions in Africa in which temperature is affected by ENSO: 

western Afnca and south eastem Africa. In south eastem Afnca the response to a low 



index event is warmer than usual temperatures from October (year O) to June (year 1). 

The response to a high index event is below normal temperatures for August (year O) to 

June (year 1) (Halpert and Ropelewski, 1992). 

The relation of temperature to ENSO in southem Africa is important. The fact 

that dner than average and hotter than average conditions coincide in southem Afica 

during ENSO events means that, during these years. potential evapotranspiration rates 

will be higher than average. This means that avaiiable moisnue, and hence 

photosynthesis, biomass production and crop yields, will decrease. 

2.2.8 Predictabüity of ENSO: Climate Modelihg 

Global circulation models (GCMs) are consistent in their modelling and "contain 

many of the basic ingredients required to simulate the ocean atmosphere system" 

(Rasmusson and Wallace, 1983). As compared to 1983, today's rnodels are much faster, 

sophisticated and accurate in their predictions. 

A coupled ocean-atmosphere GCM has been used to predict ENSO events in both 

space and time by Latif et ni (1993). By analysing both observational data and the results 

of a coupled ocean-atmosphere GCM, the researchea found that "ENSO predictions are 

possible up to lead times of at least one year." 

The observational data set used by Latif et al included bimonthly anomalies of 

SST, zona1 surface wind stress and the depth of the 20' isotherm for the equatorial 

Pacific (10" S to 10" N) from 1967 to 1986. These were selected as they are the most 

important for tropical ocean-atmosphere interactions. The mode1 data included monthly 



anomalies of SST, zona1 wind stress and sea level for the region. The GCM was run for 

26 years. 

The predictability of ENSO may change in coming years due to global climate 

change. There is very Linie certainty in this area, although there is evidence that "human 

interference in the global climate is to blame" for the unusual length of recent El Nino 

events (Bergeron, 1996). Furthemore, ENSO events have become more frequent since 

1 976 (Bergeron, 1 996). 

22.9 Review of Methodology Linking ENS0 to Ciimate Anomalies 

Many different methods have been used in establishing ENSO teleconnections. 

They range in complexity from comparison of data over time to analysing output of 

coupled ocean atmosphere Global Circulation Models (GCMs). Inputs Vary as do results 

that emerge from particuiar studies. The various methods used depend on availability of 

data, technicai skills of the researcher and, most importantly, the particular goals and 

objectives of the study. 

In reviewing several studies (Dyer, 1979; Rasmusson, Carpenter, 1983 : Nicholson 

and Entekhabi, 1986; Ropelewski and Halpert, 1986; Kiladis and van Loon, 1988; 

Lindesay, 1988; Matarira, 1990; Cane et al, 1994) linking ENSO events to various 

climate anomalies, it was found that that the main inputs were a historicai record of some 

measure of climate (eg., rainfd, temperature, wind fields), a historical record of some 

other related measure (eg., agricultural production) and a historical record of some 

measure of ENSO (eg., the SOI, SST anomalies). This data was then manipulated and 



processed (eg., ranking, composite indices, aggregation, weighting by area, standardising, 

principal component analysis, regressions. coherence, hannonics. Pearson's correlation 

coefficient). These manipulations and processes could ofien be quite complex. Outputs 

were either in the form of maps indicating regions of statisticdy significant ENSO 

teleconnections or the results of statistical tests. 

2.2.10 ENSO and Drought Management in Mozambique 

There is widespread agreement that there is a climatic telecomection between 

ENSO and rainfall varïability in southem Africa Specificaily, below average rainfall is 

found during low index southem oscillation years, and (perhaps to a lesser extent) above 

average rainfaü is found during high index years. Furthemore, temperatures in southern 

Africa are found to be influenced by ENSO. Higher than normal temperatures are found 

in low index years and below average temperatures are found in high index years. ENSO 

can be predicted up to one year in advance. 

As stated in section 2.2.6, there is significant evidence that precipitation in 

Mozambique specifically is influenced by ENSO. This evidence cornes fiom both global 

and regional studies of ENSO teleconnections (Trenberth in Glantz et al, 199 1; Matarira, 

1990: Cane et al, 1994; Lindesay, 1988; Lindesay and Vogel. 1990; Matarira and 

Unganai, 1995; Jury. 1995; Jury et al, 1996). 

The mechanics of ENSO teleconnections are still largely at the theoretical stage, 

and probably will not be completely understood until better coupled ocean-atmosphere 

GCMs are available. However, it is not necessary to have a full understanding of the 



mechanics of ENSO to predict drought in Mozambique using telecomections. 

The building blocks for using ENSO to predict drought in Mozambqiue already 

exist. However, there are a few questions which aeed to be answered for this predictive 

tool to be more usefui: 

What is the quantitative Link between climate anomalies and ENS0 in 

Mozambique? 

How reiiable. accurate and precise is this Mc? 

Where in the Mozambique is this relationship the strongest? 

Is this relationship strong enough to be used in drought management? 

Do other significant teleconnections exist? 

What are the resource and expert demands for using drought prediction in drought 

management in Mozambique? 

2.3 Control Options: Drought Management Strategies 

The severe droughts of the 1980s and 1990s in southem Africa have sparked 

interest in how to better manage recurring drought. There is no way of preventing 

drought, however there are many strategies for off-setting the impacts associated with 

drought. While conventional, modem drought management strategies (or plans or 

policies) have many benefits, they also have serious drawbacks, such as those descnbed 

in sections 2.3.1 to 2.3.5. These solutions may not be sustainable socidly, econornicaliy 

or environmentdl y (Reese, 1 989). From an agroecosystem perspective, it is argued that 

modem agriculture practices have sacrificed equatability, sustainability and stability in 



favour of productivitylO, making it more difficult to plan for and manage drought. Thus, 

in examining the problem of how to improve modem drought management strategies, we 

must look at improving the stability, sustainability and equatability of agroecosystems, 

while maintaining, or even increasing, present levels of productivity. We must also take 

into consideration that agroecosystems exist in a social, economic, environmental and 

political world. 

There are at l e s t  four ways of actually dealing with drought, green drought or an 

arid climate in southem Africa: (a) providing food aid to drought stricken areas, (b) 

creating a reservoir to be used for irrigation in drought prone or seasonally dry regions, 

(c) ensuring production by introducing drought resistant species, hybrids or improved 

varieties and (d) relying on traditional coping mechanism. These strategies can be 

classified as either cnsis management or risk management strategies. Whiie some 

strategies may be used in conjunction with othen, it may also be the case that one strategy 

reduces the effectiveness of another (McCabe, 1990). 

2*3*1 Crisis Management of Drought 

Crisis management, in the eyes of the donor community, is a fast and easy way of 

deaihg with the impacts of drought. However, it tends to be more expensive, less 

efficient and less sustainable than nsk management strategies. For example, in the 

United States, California Congressrna. George E. Brown suggested in 1989 that by 

'O Except where noted, the ternis sustainability, equatability, stability and 
productivity are used according to the definitions of Conway (199 1). See section 
2.2.1 for a M e r  discussion on thïs topic. 



diverting 0.1% of US drought relief hinds (approximately half a million dollars) to nsk 

management programmes, tens to hundreds of millions of dollars would be saved 

(Wilhite, 1993b). 

While crisis management of drought offen effective and immediate relief, and is 

sometimes the only option in managing drought, it can also lead to a loss of indigenous 

knowledge of nsk management strategies. For example, during a drought in the 1960s a 

tribe in the central highlands of New Guinea was declared to be suffering from drought. 

They suddeniy became eligible for food aid. The oral tradition they had developed over 

generations for coping with recurring drought was soon lost because it was no longer 

needed (Corneau, 1996). Thus, a system of crisis management. delivering food aid in 

times of need, replaced a sustainable risk management system of adapting agricultural 

practices to drought conditions. In this situation, crisis management has helped to "un- 

develop" a cornmunity through short term, short sighted assistance. 

2.3.2 Risk Management of Drought 

Managing the nsks of drought c m  be more cornplicated than managing drought as 

a cnsis. The severity of crisis depends only on the hazard an event poses to those eected, 

but risk is a function of both the probability of an event occurring, as weii as the hazard 

posed to those affected (Dooley, 1986). There are many dimensions to risk, such as t h e ,  

geography. economics, culture, choice, and other factors. How these factors are 

perceived and prioritised wiii affect the way different groups view sirnilar risks, and how 

they respond to certain risks. 



The concept of risk by d e f ~ t i o n  includes probability, hence the future must to 

some degree be known in order to assess and manage risk. The less uncertainty involved 

in the equation, the better risk c m  be assessed. Accurate prediction is a key component 

when dealing with risk assessment and risk management, a s  it reduces uncertainty. 

The usefulness of prediction becomes apparent when deaiing with n a d  systems 

such as drought in Mozambique. In this case, the hazard posed to the rurai poor is 

relatively constant (without rain crops will fail and people wili go hungry) but the 

probability of a drought occurring varies from year to year and fkom region to region. 

Prediction of drought, which is more than probability based on historical records, allows 

for better risk assessment, and if the institutional capacity exists, better management of 

drought. 

While nsk management is a relatively new concept in drought management, it has 

k e n  used in economics and business management for many years, especially in 

industrialised nations. According to Claessens (1 996). "The importance (and desirability) 

of risk management has k e n  widely recognised in industrialised countries, but, in the 

developing world, its application has k e n  limited." There are two ways to measure 

exposure to nsk: using historical data or using projections and simulations. Once 

exposure to risk has been measured proper skills are needed in implementing a risk 

management plan as results c m  otherwise be costly (Claessens, 1993). Other factors 

which may influence the success of a risk management strategy include information on 

costs and cost effectiveness, technical feasibility, ease of implementation and 

environmental equity implications (Rao, 1995). 



It is important to note some differences between risk management as a business 

strategy and risk management as a drought management strategy. When dealing with 

businesses there are two dominant sources of risk: risk coming from variables in 

production, and risk in the market where products are destined. In managing drought in 

Mozambique there is one single dominant source of risk, that of a variable ciimate. 

Market fluctuations are also of concem, but since the bulk of production is consumed by 

the family in subsistence agriculture, the market is of less importance. 

A second difference is the way in which the success of a risk management 

program can be measured. In the business sector, success c m  be rneasured purely in 

ternis of profitability. However, in dealing with agricultural systerns, both profitability 

(of the agroecosystem) and environmental impact wiil need to be measured to determine 

the degree of success (Roberts and Swinton, 1996). From an agroecosystems perspective, 

stability and sustainability must be considered as well. 

Risk management is used in fa-ng in industrialised countries. Hanvood et al 

( 1996) found that approximately 55 percent of American farmers use at l e s t  one risk 

management strategy. This figure rises to 75 percent when only "large farms" are 

considered, presumably because these larger farms rely more on the fam for al1 sources 

of income, and less on off-farm activity. In a study of 33 famis in rural Ontario, Rowley 

(1995) found that farmers were adopting risk management strategies for economic, 

ecological. policy and socio-cultural reasons. Some common risk management strategies 

employed by American farmen include diversification, buying insurance, leasing land, 

spreading sales throughout the year, contract sales and hedging (Harwood et al, 1996). 



233 Food Aid 

Donations of food, and other types of emergency aid, are perhaps the most 

common way of dealing with drought and other disasters in the developing world. Food 

aid is for the most part donated by western countries, although many LCC'sl' stockpile 

staple crops for emergency relief. There is a significant body of literature discussing the 

negative impacts of food aid at both the community and national levels (see for example 

Richards, 1990, or Comeau, 1996). Whiie food aid undoubtedly reaches many people, 

there are important social and econornic ramifications which must be considered when 

relying on food aid as a drought relief strategy. It can affect local production by raising or 

lowenng food pnces. It can cause dependency on aid to meet basic needs. Finally, it c m  

create a parallel infiastructure which is removed once the relief effort is over (CIDA, 

1995). 

Donations of food and emergency aid can ofien be politicdy motivated, and 

hence distort the true nature of a naturd disaster. This distortion would obviously affect 

the recipient country in many ways. For example, severe food shortages in North Korea 

in 1997 were largely ignored by the international donor community. presumably due to 

North Korea's communist ideology and isolation from the West. 

2.3.4 Irrigation 

The most common way of dealing with arid or semi-arid conditions is to build a 

11 Low Consumption Countries. Also frequently called Developing Countries, 
Under-Developed Countries or Third World Countries. 



dam and create a reservoir to be used for irrigation. One of the more famous example of 

this is the Aswau High Dam in Egypt. There are many environmental, social and 

economic problems associated with the Aswan High Dam. These problems are common 

to most large dams throughout the world, especially in arid and semi-arid areas: 

increased evaporation and water seepage 

silt (nutrient) deprivation 

river bed degradation =d coastai erosion 

water logging and increased soi1 saiinity 

increase in water borne diseases 

intensification of agriculture and monoculture cropping 

displacement of villages 

loss of historicai and archaeological artifacts and structures 

(Hussein, 198 1) 

It should be noted that most of these issues are not a problem with smaller dams, 

or irrigation from rivers. 

23.5 Drought Resistant Crops 

A third option to increase the stability and sustainability of agroecosystems in 

drought prone regions is to introduce drought resistant species, hybrids and improved 

varieties. This increased stability and sustainability cornes at the cost of a reduction in 

productivity, which mems that more land must be cultivated to ensure suficient yields. 

Using drought resistant hybrids also reduces the diversity of an agroecosystem, which is 



an important risk management strategy. 

Other problems with drought resistant crops are the need for more inputs (other 

than traditional crops) such as pesticides and fertilizen, unforseen social effects of "green 

revolution" crops, such as increased work load for women or reduced amount of available 

fodder, and the need to purchase seeds. 

(Hallegoah, 1996) 

25.6 Traditional Coping Mechanisms 

Traditional strategies of coping with drought depend on available naturd 

resourccs, cultural adaptations to living in a drought prone area and the fanning system 

(technology) employed. In times of drought, strategies used by pastoralists often include 

dividing livestock into smaller herds, moving Livestock frequently, moving into areas that 

could be dangerous and reducing herd size by selling livestock (McCabe, 1990). Dryland 

farmers c m  replant several times, select a good farm site with a range of soi1 types, 

practice intercropping, plant on river banks in times of drought, forage for edible wild 

plants and practice slash and burn for hunting (Richards, 1990; MICOA, 1997). Both 

systems often also employ a strategy of kinship, whereby poorer family members rely on 

richer memben in times of need. This reliance is usually paid back in more prosperous 

yean or through labour (McCabe, 1990). 

While very little information on traditional coping mechanisms specific to 

Mozambique was encountered, it was found that a mixed strategy was traditionally 

employed by the Swazi in neighbouring Swaziland. According to Kuper (1964), cattle, 



crops (maize and millet). hunting, gathering and limited horticulture, as weil as economic 

strategies such as  selhg crafts and wage labour, were aU employed in this mixed 

strategy. Under this system it was normal for food supplies to fluctuate. Which strategy 

was used by panicular families depended on wealth. Relying on cattïe was a strategy 

employed by the more weaithy, perhaps indicating that it is the most suitable strategy in a 

drought prone environment. It is anticipated that specific strategies used (e.g. what crops 

are planted, where, when and how) would vary from village to village. 

It is reasonable to assume that a similar mked strategy existed in much of 

southem Mozambique, where conditions are similar to those in Swaziland. However, due 

to many years of war, politicai shifts and famine that resulted it would seem that much of 

this strategy has been lost. From an agroclimatic perspective, it has been suggested that a 

mixed strategy is the most suitable fanning system for the more arid parts of southem 

Mozambique, with pastures, millet, beans, sorghum and cowpea al1 playing important 

roles (Reddy , 1 985). 

The present local coping stmtegy in Mozambique is one of cropping and relying 

on food aid in times of need. The great expense of replacing livestock lost during the war 

and the problem that landmines pose to pastordists would make renuning to traditional 

strategies difficult for most farmers at present. However, the new National Land Law for 

Mozambique may improve the land rights of pastoralists (Kloeck-Jenson, 1997). 

Traditional rnethods of coping with drought can often impact the environment in a 

negative way, by putting an increased level of stress on an already stressed ecosystem. 

However, these impacts are usually not of great concem as they are practised on a 



relatively s m d  scale and generally do not reduce diversity in agroecosystems, which 

could affect its resilience. 

23.7 Shortcomings of Conventional Drought Management Strategies 

Tbere are some significant shortcomings to conventionai drought management 

strategies in Mozambique. Two of these have to do with feasibility and sustainability. 

As mentioned in the introduction, Mozambique is a country with scarce fmancial 

resources. Delivering food aid in Urnes of need, devising irrigation schemes and relying 

on drought resistant crops are, in general terms, neither feasible nor sustainable without 

depending on outside aid. These are capital, technology, infiastructure and resource 

intensive solutions. 

While many traditional coping mechanisms are both feasible and sustainable as 

drought management strategies, in Mozambique they have either been lost during the 

many yean of war (for example, livestock populations were decimated) or are poorly 

researched and documented, thus iimiting their irnmediate use in a national drought 

management plan. 

Perhaps the greatest shortcoming of the above rnentioned drought management 

strategies is that they do not look at the problem from a holistic point of view. Food aid 

concentrates only on food shortages, irrigation is oniy concerned with water supply and 

drought resistant crops tend to ignore social, economic and environmental factors other 

than crop water requirements and yield. Traditional coping mechanisrns, where they still 

exist, do not take advantage of usefd technological advances. 



2.3.8 A Proposed Holûtic Management Strategy 

A drought management strategy which is able to iake into account al1 facets of 

drought and the effecis of drought would improve Mozambique's response to drought. 

Holistic Resource Management (HRM) (Savory, 1988) is an approach to managing 

natural resources which stresses the importance of exarnining problems from a holistic 

point of view. 

Holistic Rcsource Management means looking both outward to greater wholes 

(such as chnate) and inward to lesser components (such as soil moisture) of the system in 

question. However, the boundaries between these two extremes are by no means clear 

(climate plays an important role in soil moisture. and soi1 moisture may affect climate), 

and, while we must be conscious of these extremes, one or the other is usually beyond our 

control. 

In using Savory's HRM model, a three part goal must be set (Savory, 1988). The 

three parts include a statement on quality of life, a system of production which will 

achieve the quality of life sought and a statement of how the landscape will support the 

mode of production in the long term. This three part goal must be defined by the 

individual or group employing HRM. However, as this study suggests using HRM in 

drought management in a specific context, a general goal c m  be defined. 

Quality of life is the ability of a family or community to meet its basic and felt 

needs. The means of production is in most cases subsistence farming of livestock and 

crops with some supplement from off-farm activities such as hunting, gathering and wage 

labour. As this means of production relies heavily on natural ecosystems, it is essential 



for the naturai landscape to maintain a relatively constant level of production - in other 

words. environmental degradation, or desertification, would be extremely detrimental to 

subsistence fanning, and hence to quality of Life. This goal should be re-defined by those 

affected by drought and those involved in drought management if HRM is to be used in 

managing drought. 

Holistic Resource Management is centred around four "ecosystem foundation 

blocks," which are succession, the water cycle. the mineral cycle and energy flow. The 

state and behaviour of these foundation blocks, dong with certain guidelines and 

available tools, will determine how the system in question is to be managed. 

A complimentary concept to HRM is agroecosystem theory, which could be used 

as an alternative measure for assessing the success of HRM in drought management. 

Agroecosystem theory is useful because it links the holistic point of view to a manageable 

level. Agroecosysterns are also the basis of most livelihoods in Mozambique, especially 

in d Mozambique where roughly 80 percent of the population lives. and a great 

portion of these people rely on subsistence agriculture as a means of living. Even in 

urban areas. most families have a machamba (plot of land) to supplement wage earnings. 

If Savory's HRM mode1 is to be used in managing drought, the agroecosystem is the 

basic unit that farmers or planners will be managing. 

Conway (199 1), defines agroecosystems as "ecological and socio-economic 

systems, comprising domesticated plants and/or animals and the people who husband 

hem, intended for the purpose of producing food, fibre or other agricultural products." 

Mozambican agroecosystems are variable, but usualiy have defined boundaries and semi- 



controlled conditions within those boundaries. Competition from weeds, pests and 

disease is reduced within the agroecosystem, while nutrients, seeds, water and other 

beneficial components are "subsidised" by human intervention on a variety of scales. 

The state of an agroecosystem can be measured through four properties, namely 

productivity. stability: sustainabiiity and equatability (Conway, 199 1). Productivity 

measures '"the output of valued product per unit of resource input," and cm be quantified 

in te- of nutritive value, calonc value, market value, yield or some other measure. 

Stability measures "the constancy of productivity in the face of small disturbing forces 

arking from the normal fluctuations and cycles surrounding the environment," such as a 

dry spell or insect infestation. Sustainability measures "the ability of the agroecosystem 

to maintain productivity when subject to a major disturbing force," such as a prolonged 

drought, and can be measured in terms of inertia, elasticity, amplitude, hysteresis and 

malleability. Any change as a result of a disturbing force is termed a strain, and can be 

elastic (e-g. temporary slow growth) or plastic (e-g. stunting or death). Equatability is 

"the evenness of distribution of the productivity of the agroecosystem arnong the human 

beneficiaries" (de finitions from Conway, 199 1 ). 

Thus, if drought is to be managed holistically, agroecosystems theory presents a 

way of measuring the effectiveness of such a strategy hoiistically. 

2.4 Institutional Capacity to Plan for Drought 

In order to assess and manage the risks of drought, that is in order to plan for 

drought, functioning institutions are needed. What is required of institutions will depend 



on how drought is king assessed and managed, as weU as the economic, social, 

educational, technical and other capacities of the country. This study has made the 

assumption that planning with nature, or managing the risks of drought, will d o w  for 

more effective drought management and drought impact mitigation. The literature review 

suggests a method for predicting drought in Mozambique. 

If drought prediction and a holistic management strategy are the twls  to be used 

for assessing and managing the nsks of drought, what remains to be examined is how a 

country such as Mozambique c m  plan for drought using these tools, what institutions will 

be required and what is required of these institutions. 

2*4.1 Planning for Drought 

Effective drought management is an "essential fmt step toward a reduction of 

social vulnerabiIityW (Wilhite, 1993) and has k e n  cailed "an essential action" 

(Frederiksen, 1992). Crisis management of drought (and other naturai disasters), a 

common strategy in the era of modem planning, has in many cases proven to be less than 

effective in reducing social vuinerability to drought (Comeau, 1996). 

Drought planning requires input from several disciplines, and the process may 

face many constraints, including: 

a insûtutionai, political, budgetary and human resource constraints 

a a lack of understanding of drought, and a lack of communication and cooperation 

between scientists and policy makers 

financial and technical constraints 



(Wilhite, 1993b) 

Despite these constraints, the benefits of planning for drought often outweigh the 

costs. The cost of k i n g  prepared is fîxed and constant, while the costs of drought are 

uncertain and occur at some fiiture date (Wilhite, 1993). Furthemore, as droughts affect 

vimially al1 facets of life, many costs are likely to occur within a short p e n d  of time. It 

shouid also be noted that costs of drought are not limited to the economic sphere. as they 

affect society and the environment as well (see table 1, section 1.1). 

2.43 The Dmught Management Plan 

According to Frederiksen ( 1992), the essential components of a drought 

management plan are: 

Monitoring, analysis and defming conditions, including supply and demand 

forecasting 

Drought management measures and 

hplementation cnteria 

The development of a drought policy or plan must incorporate ail levels of 

govemment. The process must have interna1 support, as well as support from high 

ranking officials in order to succeed. Policies and plans must also have institutional 

support in order to succeed. 

To facilitate the process of developing a policy on drought and a drought 



management plan, Donald Wilhite proposes a "generic ten step methodology" (Wilhite, 

1993b) which can be adapted to different contexts. Wilhite's approach is slightly more 

comprehensive and uses different terminology, but includes ail the basic steps of 

Frederiksen's ( 1992) seven point list of preparing a general drought management plan. 

W ilhite' s approach appears more usefd in assessing Mozambique's capacity to manage 

drought. Wilhite advocates managing drought through the following ten steps: 

i. Appointment of a National Drought Commission (NDC). The NMJ would serve 

two purposes: to oversee the development of the policy on drought and to later coordinate 

poiicy. In Wilhite's view, the NDC should represent a broad range of disciplines, such as 

meteorology, agriculture, water resources, planning, public water supply, natural 

resources, environmentai protection, health, fmance, economic and rurai development. 

emergency management and tourism. The head of state should also be represented. 

Consideration may also be given to universities, the media and environmental or other 

public interest groups. 

ü. Statement of drought policy and planning objectives. The fmt act of the NDC 

would be to devise a drought policy and plan, policy objectives k i n g  broadly stated and 

"expressing the purpose of government involvement in drought assessment, rnitigation 

and response programs," and plan objectives are specific and oriented towards direct 

action. 



Ili. Resolving conflict between environmental and economic sectors. While 

sustainable development theory advocates the integration of social, economic and 

environmental interests, these, dong with political interests, tend to clash during times of 

drought. It is important to reduce the potential for dispute between the parties through 

frequent, thorough, accurate and balanced news releases of the situation. 

iv. Inventory of natural, biologieal and hurnan resources, and fuiancial and legal 

constraiots. An inventory is necessary M> determine how vulnerable to drought these 

resources are. The quantity, quality and accessibility shouid be noted. 

v. Development of the drought plan. The drought plan shouid consist of three prirnary 

components: monitoring or early warning, assessment of impact, and response. 

The monitoring component involves the estabtishment of a Water Inventory and 

Outlook Cornmittee (WIOC), which would monitor current and predict fùture water 

needs and availability. The WIOC must: 

(a) Lnventory data availability and current observational networks. 

(b) Determine pnmary user needs and develop and/or modify current data and 

information delivery systerns. 

(c) Define drought and develop response triggers. 

(d) Develop an early warning system. 

(e) IdentiQ drought management areas. 

The impact assessment component of the drought plan represents economic 



sectors most likely to be affected by drought (such as agriculture). It must take into 

account both direct and indirect losses associated with drought. 

Response involves acting on the advice of the monitoring and assessrnent 

cornmittees. It must evduate resources available for assistance and what assistance is 

appropnate. be it short term (emergency), medium term (recovery) or long term 

(proactive). 

vi. Identification of research needs and institutional gaps. This step is to be carrïed 

out at the same time as step 5, so as to support the planning process. 

vü. Synthesis of scientifk and policy issues. After considenng science and policy 

issues, they must be synthesized to be effectively used in managing drought. When this 

occurs, institutional resources can be mobilized. 

W. Implementation of the drought plan. Prior to implementation, the drought plan 

should be tested under simulated conditions. Implementation must be accompanied with 

media participation. 

ix. Development of multi-level educaîion and training prog-. The purpose of 

these programs is to raise the level of awareness of drought arnong the public, and the 

ways in which the general public can help reduce the effects of drought in both the short 

and long tem. 



x. Development of drought plan evaluation pmceàures. Two types of evaluation 

must be used in order to maximize the effectiveness of the drought plan. They are 

operational evaluation and pst-drought evaluation. 

2-43 Institutional Requirements of Wühite's Approach 

While Wilhite's ten step approach is a useful tool in helping countnes prepare for 

drought and in analysing a country's state of preparedness by stating what institutions are 

required, it fdls short in tenns of defining what is required of institutions. The approach 

seems to make the assumption that the institutions required to complete the ten steps exist 

and huiction normally, and have the capacity to fu i f i  their respective roles. This is not 

always the case. especially in poorer countries such as Mozambique. This is a senous 

gap because if institutions do not have the capacity to provide information or services. or 

to develop, implement and enforce policy. then the ten step approach to developing a 

drought management plan wiil fail. 



CHAPTER THREE - METHODOLOGY 

3.1 Exposure Assessrnent : Predicting Rainfd Anomalies using ENSO Signals 

To examine the feasibility of predicting rainfall anomalies in Mozambique using 

ENSO signals, Mozambique was divided into seven regions based on the country's 

climate classification (Atlas Geografco, 1986), and estirnates of the innuence of the 

= ons Inter-Tropical Convergence Zone (lTCZ) on seasonal rainfail (Rojas, 1997). The red 

are, in general, as follows (see map 4 in appendix A). 

Table 4 - Climate regions used in the study 

Area Covered (km' - 
approximate) 

northem Tête (40,000 km2) 

significant Niassa, Cabo Delgado, 
Nampula, northem 
Zambezia (300,000 km') 

southem Tête, northern 
Manica, north-western 
Sofaia (60,000 km2) 

Climate 
(Atlas G e ~ g r ~ c o ,  1986) 

tropical humid, modified by 
altitude 

tropical humid, always 
influenced by ïïCZ 
convection 

tropical dry 

KCZ Impact 
(Rojas, 1997) 

significant 

occasional 

southem Zambezia, Sofala 
(130,000 km2) 

l central and southem Manica 
(50,000 km2) 

tropical humid, sometimes 
influenced by ITCZ 
convection 

modified by altitude I none 

southem coast: Inhambane, 
Gaza, Maputo ( 135,000 km' 

southem interior: 
Inhambane, Gaza, Maputo 
(40,000 km2) 

occasional 

tropical humid, not influenced 
by ITCZ convection 

tropical dry, tropical serni- 
arid 

none 

none 



A network of 58 stations were then added to the map (see maps in appendix A). 

Stations selected aiI had records of monthiy precipitation totals dating h m  195 L to 

198212. In some cases, especiaiiy in areas where the station network was thinly 

disnibuted (regions 1,3 and 7), stations with up to a maximum of four missing values 

over the 3 1-year record were included. Missing values were interpolated according to 

Bowley (1901). 

The start date, duration and end date of the rainy season varies throughout the 

country. The rainy season can start anywhere from October to December, and end 

anywhere from January to June. Because of this, a somewhat arbitrary but uniform 

season of five months (November to March) was selected, based on information from 

Condicoes Climaticas de Mocumbique (Mendes, 1965). Seasonal totals were calculated 

for each stationL3. 

The seasonal totais for each station were weighted by area using the Theissan 

Polygon Method and regional totals were calculated. The mean, standard deviation, 

d e p m e s  from mean and finally standardized departures from the meanI4 were 

12 1982 is the year when many niral climate stations ceased functioning due to the 
effects of war. 

l3 This may seem to be in contradiction with the definition of drought provided in 
section 1.4, which included soil moisture, atmosphenc moisture and evaporation, 
as well as precipitation. However, since the four variables are closely linked and 
precipitation is the only variable available for a long enough period for most 
stations in Mozambique, it wiil be used as an indicator for the three other 
variables. 

" Standardised departures from the mean are calculated by dividing departures fiom 
the mean by the standard deviation. The new data set then has a mean of zero and 
a standard deviation of one, and can be easily compared to other standardised data 



calculated for each region over each of the 3 1 rainy seasons. The coefficient of inter- 

seasonal rainfall variation (cv)" was also calcuiated. 

Standardised values of the southem oscillation index ( ~ 0 1 ) ' ~  were used as an 

indicator of ENSO activity. This indicator was chosen because it is commonly used in 

linking ENSO to climate anomalies, and SOI data is readily available both hi~t~ncally 

and currently. As an alternative, variations in eastern equatorial sea surface temperatures 

in the Nm03 and rn04 regions, as weli as the Indian and Atlantic Oceans, have been 

used with success in the past instead of the SOI (Cane et al, 1994; Jury, 1997). However, 

this data was not available to the researcher at the tirne and hence couid not be included 

in the study. 

Standardized monthly values of the SOI were averaged over the following three 

periods: 

(a) January to December of the year preceding the rainy season (e-g., for the 1 95 1/52 

rainy season the SOI was averaged over January to December 195 1). This period 

was chosen to determine if an ENSO event affects seasonal rainfall. 

(b) The months of the rainy season (Le., November 1951 to March 1952). This 

period was chosen to determine if the state of ENSO during the rainy season 

affects seasonal rainfall. 

sets. 

'*CV = SD/mean 

'%e SOI is the difference in pressures between Tahiti and Darwin, Australia. 

52 



(c) The p e n d  of July to June (i.e., July 195 1 to June 1952). This pend was chosen 

to determine if a smwther signal of the SOI, but sti l l  centred around the rainy 

season, affects seasonal minfail. 

The annual seasonal rainfall totals and the k e  standardised means of the SOI 

above were correlated for each of the seven regions. However, values of R (the 

correlation coefficient) were found to be very low and could not be used in seasonal 

forecas ting17. 

The annual and seasonal means of the SOI - (a) and (b) above - were then 

modified to interval data to see if in fact any relationship at a l l  exists between ENSO and 

rainfall variability over Mozambique. Data was coded as follows: 

Table 5 - Coding of data to the ordinal level 

Using the SOI at the ordinal level, a relationship between ENSO activity and 

rainfaIl variability was found in most of the seven regions. Where the relationship was 

Value of SOI 

-0,25 to +0,25 

-0,26 to -0-5 and 0,26 to 0,s 

-0,49 to - 1 and 0,s 1 to 1 

-0-99 to - 1,s and 1 ,O1 to 1,s 

c -1,5 and > 1,s 

''AS this is population data, confidence levels are not needed. 

Ordinal Level 

O 

0,5 

1 

1 3  

2 



found to be strong, Pearson's R was cdculated using interval level data that fit particular 

cases. 

3.2 Developing New Control Options for Drought Management 

Literature on Hoiistic Resource Management and Agroecosystems was reviewed 

to develop a new control option for drought management. This option was not tested in 

any way by the study, rather it is put forward as a suggestion for managing drought in a 

more efficient, effective and environmentally sustainable way. 

3.3 Assessing the Institutional Capacity to Plan for Drought 

To properly manage drought an examination of the institutional capacity of 

Mozambique to plan for drought is required. The Wilhite approach, described in chapter 

two, is used as a framework to address Mozambique's capacity to plan for drought. 

The information needed in using this framework was obtained through a series of 

key informant interviews. The interviews lasted about one and a half hours each, and 

were conducted confidentiaily . People represenûng the following institutions were 

interviewed, based on their concem for drought or involvement in drought management 

and/or drought relief (in some cases more than one peson was interviewed at each 

institution): 

Instituto Naçional de Meteorologia (INAM) (National Institute of Meteorology) 

Institut0 Naçional de hvestigaçiio Agronomica (INIA) (National Institute for 



Agricultural Research) 

Ministéno Cordenador do Acçiio Ambientd (MICOA) (Coordinating Ministry for 

Environmental Action) 

Departament de Prevençiio e Combat de Calamidades Nanirais (DPCCN) 

(Department for the Prevention and Combat of Naturai Disasters) 

Ministério de Agriculnira (Ministry of Agriculture) 

University of Zululand 

National Oceanic and Atmosphenc Administration (NOAA) 

Prograrno Mundial de Alimentos (PMA) (World Food Program) 

Food and Agriculture Organization (FAO) 

Two interview guides were developed, one focussing on the institutional capacity 

for managing drought and the other focussing on the technical ability to develop and run 

seasonal forecast models. A third interview guide focussing on farmer's ability to adapt 

to irnpending drought was developed, aithough severe practical and logistical problems 

prevented these interviews from king carried out (such as the presence of land mines and 

dificulties in accessing many rural communities). The interview guides can be found in 

appendix C. Interviews were conducted in Portuguese, English or, in one case, a mixture 

of Portuguese, Spanish, English and French. Responses were written down in note form 

in English by the interviewer and shortly after typed out as long answers. As time was a 

major constraint with many interviewees, in a few cases only the most pertinent sections 

of the interview guide were covered. The interview answers were later coded (written in 



a standard format) in order to compare and contrast different interviewees' responses. 

3.4 Sources of Eror and Biasos in the Shidy 

There are several sources of error and biases in this snidy. The most significant of 

these are the quality of climate data, the number of experts interviewed and the language 

barrier that existed in conducting the interviews. 

3.4.1 Quaiity of Data 

Climate records at INAM are relatively unorganised and some may not be 

accurate. For example, it is said that some data for the month of December is completely 

inaccurate, as some employees simply leave their stations in order to visit their farnily for 

Christmas. However, inaccuracies such as these certainly do not bias climate records in 

favour of an ENSO telecomection, and if anything, wilI bias the data against an ENSO 

telecomection as incorrect data from these months will not reflect natural climatic 

variability. Furthemiore, as the information needed in this study is average seasonai 

totals for a region and not daily values, the margin of error can be greater with little effect 

on final results. 

3.4.2 Number of Experts Intervieweci 

Relatively few key informants were interviewed for this study. This was 

unavoidable as there were few key informants to be interviewed. However, it should be 

noted that in general key informants gave similar responses to most questions. 



3.43 Language Barrier 

In conducting key informant i n t e ~ e w s  some concepts were mcult to explain, 

understand or translate, given the Ianguage barrier. This communication gap was evident 

to both the researcher and interviewees. As such, great care was given in explaining 

concepts and understanding responses in either English or Portuguese. 



CHAPTER FOUR - RESULTS AND DISCUSSION 

4.1 Exposure Assesment: Forecasting Drought using ENSO Teleconnections 

There are at least two seasonal forecast models which have been developed for 

southem Africa for which results are readily available. One has been developed by Dr. 

Mark Jury of the University of Wuland (who has in fact developed many models for 

different regions of homogeneous rainfall), and the other by the United Nations 

Development Program (UNDP) and World Meteorology Organization (WMO), and nui at 

the Drought Monitoring Centres in Nairobi, Kenya and Harare, Zimbabwe. Both use 

skill-tested18 multi-variate models to provide monthly and seasonal forecasts of factors 

such as rainfall, temperature, rnaize yield, sugar cane yield, fish harvests and malaria 

incidence. However, only one of the rnodels provides forecasts for Mozambique 

specifically, and the forecast area is only the southernmost part of the country. 

4.1.1 Rela tionship between ENS0 and Rainfall Variabüity 

The relationship betweeo rainfall variabiiity and ENSO activity for the seven 

regions is shown in table 6: 

18 This rneans that the models are tested against actual ciimate records not used in 
the development of the models. 



Table 6 - Relationsâip between rainfd variability and SOI 

The relationship is expressed in percent of positive correlations, i.e. when 

standardized rainfall and SOI deparhues are both positive or negative. Thus, a value of 

50% would s ipi@ no relationship, a value of 90% high positive correlation. and a value 

of 10% high negative correlation. From the table it can be seen that little or no 

relationship between ENSO activity and raidail anomalies was found in regions 1 ,2  or 4. 

However, positive correlations exist between ENSO and rainfall anomalies in regions 3, 

5,6 and 7. Furthexmore. if rainfall anomalies under study are M e r  confmed to years 

when the SOI is greater or less than + or - 0,5 SD (13 observations), then the percent of 

positive correlations with the January to December mean jumps to 85% for Region 7. 

As previously stated, the correlation coefficient R between standardized rainfall 

depamires and the SOI for each of the seven regions was found to be quite low. 

However, rnuch higher values of R were found when only years with high or low SOI 

Mean SOI (Nov.-Mar.) 
> 0,25 or >- 0,25 SD 

61% 
, 

48% 

65% 

61% 

61% 

74% 
-- 

Region 

73% P T  - -  61% 1 

Mean SOI (Jan.-Dec.) 
> 0,25 or < -,25 SD 

1 

2 

3 

4 

5 

6 

41% 

45% 

68% 

55% 

68% 

68% 



values were correlated with rainfall departures. Results c m  be seen in table 719. 

Table 7 - Correlation between standardized rainfali depamires and SOI 

4.12 Coefficient of Inter-Seasonal RainfalI Variation 

A M e r  examination of Mozambique's seasonal rainfali revealed that in some 

areas inter-seasonal minfail cm be extremely variable. This is important to note. as 

regions with highly variable and low total rainfaii (when the coefficient of variation, CV, 

approaches or exceeds 30 percent) are categorized as non+quilibrium systems (Ellis, 

1994). The significance of this is that, from a human perspective, certain components of 

the agroecosystem, such as livestock populations. are not in long-term balance with the 

entire system, which can result in unpredictable and complex dynamic behaviour. Simply 

put, a high CV (above 30 percent) means that rainfall variability can infiuence the amount 

of vegetation in a given area at any time far more than grazing pressure. In equilibnum 

systems, the opposite is generally tme (Ellis. 1994). 

This finding re-enforces the argument that drought is a recurring feature of the 

+/-0.25SD 
(22 cases) 

19 This is population data, rather than sarnple data, and therefor does not require a 
confidence level. 

+/- 0.5 SD ,0,06 0.16 0,40 , 0.34 0.3 1 0.3 1 
1 (13 cases) 1 OS8 1 1 

Region 3 

J-D 

0,20 

Region 5 

N-M 

0,14 

J-D 

0,39 

N-M 

0.29 

Region 6 

J-D 

0.23 

Region 7 

N-M 

0,27 

J-D 

0,44 

N-M 

0,30 



Mozambican climate. Drought should not be seen as an extreme event, but rather as one 

extreme of a highly variable climate. Table 7 shows the coefficients of inter-seasonal 

minfail variation for the seven regions used in this study: 

Table 8 - Coefficients of inter-seasonal rainfd variability, by region 

From this table it can be seen that regions 5.6 and 7 are on the threshold of a non- 

equilibrium state. Not surprisingly, these are also the regions which were found to have 

the shortest recurrence interval of drought (see section 1.1) and, using a normalized 

difference in vegetation index" (NDW), were found ta be drought prone (Lucio, 1996). 

It should be noted that on a smaller scale, values of CV can be much higher. For 

example, if rainfail data from only the station Pafki (located in western Gaza) is used, 

Region 

1 

2 
h 

3 

4 

5 

6 

7 

20 The Nomalized Difference Vegetation Index (NDVI) is a way of measuring 
vegetation affected by drought. Stressed and healthy vegetation reflect visible 
(0,58 to 0,69 pm) and near infrared (0,72 to 1,10 pm) radiation differenùy. NDVI 
= (near IR - vis)/(near IR + vis) (Johnson et al, in Wilhite ed, 1993). 
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then the inter-seasonal CV rises to 48.27% (rnean of 326.4 1; standard deviation of 

157.56). 

4.2 Drought Management Strategies 

42.1 Holistic Resource Management 

While very linle information was available upon which to base either the direction 

or feasibiiity of a holistic, adaptive drought management strategy, some conje,. p u e s  c m  

be made which may be useful in establishing the direction of possible further research. 

Holistic Resource Management calls for the management of four "ecosystem 

foundation blocks," which are succession, the water cycle, the mineral (or nutrient) cycle 

and energy flow. In the context of drought management in Mozambique, the mineral 

cycle and energy flow are relatively fmed. Furthemore, they are not affected by drought 

as much as the other two blocks. 

The minerai cycle is linked to succession through slash and burn agriculture 

which is widely practised in Mozambique. When a machamba (plot of land) loses its 

fertility, a farmer will abandon it for fksh soil. While there could be some 

improvements, most notably in composting and other improvements in soil building, this 

system seems to be suficient for meeting most faimers needs as long as there is enough 

land. The situation is similar for energy flows. 

The water cycle, however, can be extremely variable, as has been seen in section 

4.1.2. For example, given a mean seasonal rainfall of 494.37 mm and a standard 

deviation of 147.09 (as is the case for region 7), it would not be unusual to have a 



seasonal total in the range of about 200 mm to 800 mm. Such variability, especially 

considering Mozambique's financial, technical, social and other consnaints as discussed 

in section 2.4, would be very difficult to manage. This leaves the fmal remaining 

ecosystem foundation block as an option for managing drought, namely managing 

succession. 

Succession occurs as part of nature. Whiie succession is an extremely complex 

process, certain aspects of succession c m  be manipulated through human intervention, for 

human benefit. Crop rotation is an example of managed succession. Given the fact that 

drought may be predicted in certain regions in Mozambique which have highiy variable 

rainfaîl regimes, succession could take on a new f o m  by using ENS0 signais to predict 

what crop will fare best in an upcomuig season. The other "ecosystem blocks," especially 

the water cycle, should not be discounted as possibilities for drought management. In the 

future, they may prove to be an effective way of managing the risks of drought in 

Mozambique, and would compliment succession management. 

The HRM mode1 continues by using tmls and d e f ~ n g  guidelines for achieving 

the three part goal. There is little point in discussing these in general terms, as they will 

Vary from community to community, and wiU depend on factors such as culture and 

weaith, 

4.2.2 Agroecosystems 

From the d e f ~ t i o n s  of productivity, stability, sustainability and equatability, as 

discussed in section 2.3.8, it can be seen that productivity is the main objective of most 



agroecosystem management strategies. This is in agreement with the HRM model, which 

inciudes production as one component of the three part goal. The other three properties 

of agroecosysterns, as defined, are ali measured relative to productivity, either in its 

maintenance or distribution. It has been argued that productivity should be increased to 

the greatest degree possible as this increases the "social value" of an agroecosystem, 

which is its primary goal (Conway, 199 1). However, as the four properties are linked, in 

altering one property there are made offs with the others. Since al1 properties are 

desirable, choices must be made as to which to focus on. Such choices must take into 

account extemal variables such as climate, local economy and human knowledge. The 

fact that these extemai variables must be taken into account reinforces the idea that 

agroecosystems are indeed ecological systems, albeit systems that are modified by 

humans. 

By measuring agrwcosystems using current drought management practices 

andthose using proposed drought management practices by these criteria, it could be 

detemiined which are more suitable for managing drought in Mozambique. It is 

anticipated that by planning with nature, that is by using a holistic and adaptive drought 

management strategy in Mozambique, the productivity, stability and sustainability of 

agroecosystems will be increased in the long t em,  in part through increasing diversity (ie, 

by managing succession). As a result, equatability may increase as weli. 

4.3 Institutional Capacity to Plan for Drought 

The exposure assessrnent component of this study has established a reliably strong 



Link between WSO signals and seasonai rainfd over certain parts of Mozambique. 

What remains to be examined is whether or not the institutional capacity to manage 

drought using these tw l s  exists in Mozambique. 

4.3.1 Formulating a Drought Management Plan 

i. Appointment of a National Drought Commission 

At present there is no specific drought commission in Mozambique nor is there 

Iikeiy to be one in the near funire, although in some cases it is felt that it is a much needed 

institution. However, there are two national institutions which currentiy ded with 

drought, and together they have the potential to function as a National Drought 

Commission, a commission that ovenees al1 aspects of drought management in the 

country. One of these institutions is coordinated by the Departemento de Prevençiio e 

Combate de Calamidades Naturais (DPCCN). The DPCCN hinctions primanly as a 

relief oriented organisation. The other institution is coordinated by the Ministéno 

Cordenador do Acçao Ambientai (MICOA), and is more involved in developmentai 

aspects of drought management and the prevention of desertification. Memben of these 

commissions do not receive any fuiancial benefit for their participation, rather it is 

expected that they participate and help the nation as part of their job. 

DPCCN 

The DPCCN coordinates the Conselho Tecnica de Emergençia (Technical 

Emergency Councii). Members of the Conselho can Vary depending on the natural 



disaster at hand, but generally include representatives of the following, listed in no 

particuiar order: 

DPCCN 

MICOA 

Ministry of Health 

inciuding the Fire Conselho Tecdco de Emergurda 
(Technical Ernergency Council 

Plea to International Commnnity 

Ministry of A - O 

Agriculture and Fis h - 
O - 

Brigade 

National Water 

Ministry of 

Conseiho Cmrdenador de Revmao e / 
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Rurai Water 

Rapmiibk fa 
9 + ~ o r ~ w r u m  

; .wairlIy of lnduray and 
nnaaearnt + 

1 
mcyfzg + -or of DPCCN 

Department 8 i! =O--- 

Ministry of Police. i, mks... t 
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Figure 3 Organisational structure of emergency 

Emergency Counciis management of drought 



The Technical Emergency Couocil rneets about once per month, although when 

there is a large naniral disaster this increases to two or three times per month. Meetings 

are genedy  held less frequently in the winter months (roughly May to August) as there 

are less n a t d  disasters during this time. The head of the council is the National 

Director of the DPCCN. The council reports to the Conselho Cordenador de PrevençiZo e 

Combat de Calamidades Naturais (Coordinating Council for the Prevention and Combat 

of Natural Disasters). The coordinating councii has the same members although 

generally at a higher level of representation, and as such is only involved in complex rnd 

senous matters. The director of the Council is the Rime Minister and the deputy director 

is the Minister of Foreign Affairs. The Council meets at least once per year, although in 

the case of an emergency it meets three or more times per year. 

The Technical Council is responsible for technicai matters conceming natural 

disasten, such as seasonal forecasts or making estimates of damage to crops. This 

information is passed on to the Coordinating Council, which is then responsible for 

making political decisions and fomulating policies on natural disasters, and making a 

plea to the international community if the situation calls for such action. The director of 

the Coordinating Council (the Prime Minister) is the only person in this hierarchy who 

can declare a state of emergency. 

Both of these councils are geared primarily towards emergency relief. 

MICOA 

The other national institution which deals with drought is the Orgiio Nacional para 



Cordina@o e Combate de Desertificaçêo e Seca (National Organ for the Co-ordination 

and Combat of Desertification and Drought), which was formed under the United Nations 

Convention to Combat Desertification, which Mozambique has ratified. While 

desertification and drought are by no means synonymous, they are very closely linked. 

Measures to combat desertification often go hand in hand with risk management of 

drough t. 

Membea of the OrgZo include: 

O MICOA 

Ministry of Agriculture and Fish 

INAM 

DNA 

MICOA, as the coordinating body, has the responsibility of controlling hnds, 

preparing documents, organizing and conducting seminam, publishing papers and 

selecting members for meetings. The Orgiio meets about twice per month and reports to 

the Permanent Secretary of MICOA, who reports to the Minister of Environment. 

Funding for local level activities of the Orgiio are received by MICOA from the UNDP, 

although the possibility exists of receiving funding from other sources in the future. 

Both the Orgiïo and MICOA are quite new institutions. MICOA was established 

in late 1994, and the Orgiio shortly after. While still in the early stages of their 

development, both seem to be more geared towards pro-active planning and the risk 



management approach to combatting drought and desertification than the Conselho 

Tecnica de Emergencia However, due to extremely scarce resources (for example, the 

Orgiio has no means of transportation at its disposal) progress is slow, and will continue 

to be so in the near future. 

ii. Statement of drought poiicy and plan objectives 

Mozambique has no policy concerning drought specifically. However, a policy on 

natural disasters (Politica Nacional sobre a Gestgo de Desastres Naturais) is in the process 

of k i n g  ratified by parliament, which wiil likely happen by the end of the 1997. As the 

policy is still an intemal document, details on the forthcoming policy are somewhat 

sketchy. Furdiemore, the acnid details of the policy and ensuing plans will only be 

worked out at a later date. However, what is known is that the policy will include 

definitions of differeni natural disasters, use hazard mapping to determine areas at risk to 

natural disasters and wiiI attempt to reestablish traditional drought management 

mechanisrns. 

The National Drought Policy will cover both crisis and risk management. but 

seems to lean more towards cnsis management, due to the tradition and experience of 

dealing with drought on an emergency basis. 

üi. Avoiding and resolving conflict between environmentai and economic sectors 

As the concept of ''the environment" is somewhat new to Mozambique (as 

previously stated, MICOA was created in late 1994), at the time of writing there have 



k e n  very few official or recognized conflicts between the environment and other sectors. 

Furthemore, there are not yet any laws relating to environmental protection in 

Mozambique, so the environmental sector has no official tools to help deal with conflicts. 

Where conflicts do arise, there are at least five advocates of the environment: 

MICOA (the main representative) 

GTA (Gmpo de Trabaiho do Ambiente. a Mcmmbican non-governmental 

organization) 

Impacto (Mozambican non-governmentai organization) 

Friends of the Earth (an international non-governmental organization) 

UICN (UniZo Intemacional para Conservaçiio de Natureza, an international non- 

governmentd organization) 

It should be noted that there are few serious large scale environmentai problems in 

Mozambique. Those that do exist are primarily local in scale (for example, deforestation 

around urban centres or slash and buni in sexni-arid zones) and are mainly a result of 

displaced populations during the war (SARDC, 1994). However, one significant large- 

scde environmental problem is the destruction of wildlife, which also occurred during the 

w ar. 



iv. Inventory of nahual, biological and human resources, and fuiancial and legal 

conSn.aints 

Natural, biologicd and humun resources 

A comprehensive study of natural, biological and human resources to be used in 

the event of drought in Mozambique has not yet been undenaken. However, a 

preliminary list has k e n  compiled from the interviews. The focus is mainly on human 

and material resources, as these are what the interviewees are familiai with, and the 

general impression of what resources can be used to combat drought is in some cases very 

limited (for example, "the only way to combat drought is to stockpile food"). Some 

resources which are available to combat the effects of drought are: 

The government has Lirnited resources (infrastructure, transportation, 

communication) of which a list is presently k ing  compiled 

SADC early waming system for food security 

Food posts and other relief items 

Monthly and decadal climate bulletins with forecasts and monitoring of conditions 

Various traditional resources (indigenous knowledge). 

A cornprehensive list of naniral and biologicd resources will be complied by 

MICOA, and a list of physical resources is presently k ing  compiied by the DPCCN. 

However, as previously stated, these tasks will be difficult to accomplish given scarce 

resources. 



Financial and Legul construints 

The lack of adequate huids to combat the effects of drought is perhaps the most 

important constraint to drought management in Mozambique. Drought management 

activities, especidy on a large scale, are almost completely supported by donor agencies. 

While the DPCCN and MICOA are govenunent institutions, their drought-related 

activities, especialiy field trips, are for the most part funded by UN organizations such as 

the UNDP, FA0 and WFP, or non-govemmental organizations such as World Vision or 

Catholic Relief Services (which are both active in distributhg food aid). 

The Govemment does have a budget to cover some expenses as well as other 

resources, but these are quite iimited. In the event of a major catastrophe, appeals m u t  

be made to the international community. The Government's resources for an emergency 

response to drought include the S A D C  Early Waming System for Food Security and 

reserve posa of relief items such as food, tools, clothes, cooking utensils and blankets. 

As previously mentioned, there are as of yet no laws governing the environment, 

nor is there a drought management plan, aithough these will soon be ratified by the 

parliament. The lack of laws does not seem to be a constraint (as doing something during 

a drought is so important politicaiiy, no laws requiring the govemment or organizations to 

act are needed), and their ratification will, if anythng, improve the national response to 

drought. 

v. Development of a drought plan 

At present, there is no National Drought Plan for Mozambique. It will only be 



developed after the National Policy on Nat- Disaster Management cornes into effect 

(in late 1997). However, many of the elements that WU likely be included in such a plan 

are already in place, such as the organisations discussed in section 4.3.1 (i), the available 

resources discussed in section 4.3.1 (iv) and others. 

Cnsis Management 

Broad roles relating to cnsis management of drought have in general k e n  well 

defmed over the past few decades of deaiing with drought on an emergency basis. The 

organizational structure and the roles of committees at each level can be seen in Figure 3 

(section 4.3.1 (i)). 

While broad rotes are well defined, specific responsibiüties tend not to be. This 

has proven to be a problem, as one interviewee stated: "What's needed is well defined 

roles - to make each member (of the committee) do that role or explain why it hasn't been 

done - to help prevent suffering." 

Risk Management 

On the nsk management side, the institutional framework is significantly weaker. 

The coordinating body, MICOA, has vimially no technical staff, and as such relies 

heavily on other ministries and departments to get things done. As previously stated, 

both MICOA and the orgiio are in their infancy, and their respective roles continue to 

evolve. 



vi. Identification of research neeàs and institutional gaps 

Few research needs were expiicitiy identified by the interviewees. What was seen 

as king far more important was the significant lack of resources for planning and 

implementation. However, some potentiai topics which came to light in conducting the 

interviews include: 

developing drought resistant cropr 

research into improved varieties of sorghum, millet and cassava 

the establishment of test plots to demonstrate to communities that the advice 

given by govenunent and other agencies is good and worth taking 

better seasonal forecast models for Mozambique - the models are good and easy to 

use, but the limitations must be known and the modeIs used with care 

documenting traditional coping mechanisms 

improving seasonai forecasts 

greater use of remote sensing in monitoring dmught conditions 

calibrating satellite images with ground data (ground truthing) 

a hisioricaVsociologica1 study of how maize came to be the principal crop in the 

southem provinces of Maputo, Gaza and Inhambane where the potentid for maize 

is very low 

study of how communities traditionally coped with dmught 

Several further areas of research which arose in conducting this snidy are 



discussed in chapter five. 

The general opinion of the key informants interviewed is, to use the words of one 

interviewee, that "the earl y warnings (of drought) are there. but the ins titutional capacity 

to respond is not." However, another interviewee responded that there were "no gaps, 

everything is fine." Of the institutional gaps mentioned, the most important were the lack 

of means and the lack of clearly defined roles for cornmittee rnembers. More specificdy, 

the institutional gaps mentioned were: 

poor logistics due to lack of finance and means (transportation, communication) 

low motivation, low technical capacity and those with training are bogged down 

with paper work 

weak operational framework with poorly defined roles 

lack of time and rnoney to research traditional coping mechanisms 

no technical group in the Ministry of Agricuiture to advise on which advances are 

important and which a~ not 

lack of measures and commissions in pIace 

inadequate maintenance budgets, poor training and low worker motivation 

lack of cooperation between institutions 

limited knowledge of desertification and drought in various departrnents that are 

affected by desertification and drought 

limited number of weather stations (14 real tirne) 

reputation for poor delivery of data to international organizations who are trying 



to help 

break-down in commUILications 

vii. Synthesis of scientific and poiicy issues 

There is for the most part a good synthesis of scientific and policy issues. This is 

mainly because cornmittees which make reports to decision makers are made up of 

representatives of the Mozambican scientific community. Each representative brings his 

or her area of expertise to the cornmittee, is are responsible for king aware of new 

approaches or issues in their field of interest through his or her own institution, and for 

bringing these up at cornmittee meetings. Committee meetings are open and everyone 

has an equal opportunity to voice opinions. 

In some cases, response to new ideas c m  be somewhat slow. For example, the 

results of forecasts of precipitation and crop yields have been available for three years, 

although according to one interviewee only the most recent forecast provoked interest 

from the Ministry of Agriculture (al1 three fûrecasts have k e n  correct). 

In other cases, there is a good understanding of a problem by al1 involved, yet 

seemingly Iittie cm be done about it. The potentid for growing maize, for example, is 

very low in the southem provinces of Maputo, Gaza and Inhambane. It is so low, in fact, 

that even in good rainy seasons, there is a food deficit for the southern provinces (Rojas, 

1996). Despite this, maize is the principal crop of the family sector and has been so for 

quite a number of years (at least 30, and perhaps as many as hundreds, according to 

several interviewees). The main opinion given for this is that people have developed a 



taste for maize, and apparentiy prefer having poor harvests of maize to good harvests of 

some other more suitable cereal (sorghum, for example). These facts are aii well known 

to both scientists and policy makers, and it is the people themselves who continue to plant 

maize in this dry area 

viii. Implementaüon of drought plan 

As there is no drought plan, there are no plans for implementation. However, if 

there was a plan, implementation would be dificult due to the many constraints 

mentioned in section 4.3.1. 

ix. Development of mulülevel educational and training programs 

Extension programs are severely hindered by a lack of budget and means. As 

such, few extension programs relating to drought management exist in Mozambique. The 

development of extension and education programs is the responsibility of the Ministry of 

Agriculture and MICOA. At present, most public education dealing with drought is 

disseminated through local radio and newspapers. This is also how daily weather 

forecasts are broadcast. It is generally thought that radio is the best means of 

broadcasting information on drought, as it c m  reach most of the country's population 

airnost immediately. 

Future plans for educational and training programs include a series of rural 

seminars to be held by MICOA. At fust the seminars will only include cornmunity 

representatives, and later will work at the household level. This idea is still at the 



proposal stage. 

x. Development of drought plan evaluation procedures 

There is a multi-sectoral evaluation of the emergency response to a nanual 

disaster- The evaluation focuses on both the impacts of the disaster and the logistical 

response to it. Otherwise, Little evidence of evaluation was encountered. The few 

resources that do exist usually go into the program itself, rather than an evaluation of the 

ProIPm- 

4 3 3  Constraints and Strengths Concerning Drought Management 

A variety of constraints hindenng Mozambique's ability to plan for and manage 

drought effectively came io light during the key informant interviews. the greatest of 

which are insufficient budgets and a lack of resources (most notably transportation and 

communication). VirtuaUy every person interviewed cited these as the main constraints 

in their respective fields. Other constraints include technologicd limitations (such as 

communications technology), insufficient data bases, directors (often the only people with 

advanced degrees) tied down by bureaucracy, and in some cases a lack of staff 

motivation. 

By most accounts communication between scientists and policy makers is clear 

and open, as most cornmittees which are responsible for making decisions, and in some 

cases actual policies, are staffed by scientists. This topic is m e r  discussed in section 

4.3.1 (vii). 



Due to many years of drought and war in Mozambique, there is a very good 

understanding of what drought means and what its consequences are. The institutional 

capacity to respond to emergency situations caused by drought is fairly strong. However, 

effective management is hampered by the above mentioned constraints. Drought 

response in fact relies heavily on international aid. Despite this, international aid 

agencies are increasingly k i n g  staffed by Mozambican Nationals rather than foreignen, 

which helps to illusnate the strong institutional capacity in managing an emergency 

response to drought in Mozambique. 

The long standing culture of deaiing with drought exclusively on an emergency 

basis is a factor which must be considered in discussing drought management in 

Mozambique. This is likely due to repeated drought during many years of fighting a war 

in which starvation was occasionally used as a tooi of rnass destruction (Hanlon, 1986). 

in this situation, in fact, the only way of deaiing with drought is on a crisis management 

basis. While there is a now a rnarked shift towards preparing for drought and recognizing 

it as a recurring feature of the Mozambican climate regirne, most current drought 

alleviation measures as well as those planned for the near future are geared towards king 

better prepared to combat drought once it arrives, rather than altenng agriculnual (or 

other) practices to be able to live within the cycle of drought - in other words, adopting a 

nsk management approach. This move towards preparedness, incidentally, is mainly 

driven by a desire to reduce the cost of emergency response measures. 

Another interesting point to note is the push for security at the household level 

against drought and other natural disasters. It is an aim of the governrnent for households 



to have reserve stocks of basic necessities in the event of drought, floods, cyclones, red 

locust plagues or some other natural disaster. To quote one interviewee, "Natural 

disasters shouldn' t be the preoccupation of the govemment, but rather of each and every 

household. For example. in flood prone areas, every household should have x, y and z to 

use in the case of a flood." This approach c m  be categorized as proacüve crisis 

management of drought rather than nsk management, because it only reduces an 

individual's risk of king af5ected by drought, and not the nation's risk. In a me risk 

management strategy, the risk to both would be reduced. 

433 What is Required of Institutions 

Despite the fact that there are many gaps and barriers to drought management in 

Mozambique, in using Wilhite's approach this study bas. in general. found that the 

institutions required for managing drought in Mozambique exist. However, as mentioned 

in section 2.4.3, Wilhite's approach does not question what is required of these 

institutions. The following table outlines the purpose of each of the ten steps in the 

context of drought management in Mozambique, and lists what is required of institutions 

in order to complete each step: 



Table 9 - Institutional requirements of Wiihite's ten step approach 

Step 

i. Appointment of 
National Drought 
Commission (NDC) 

ii. Statement of 
drought policy and 
planning objectives 

iii. Resolving conflict 
be tween 
environmental and 
economic sectors 

iv. Inventory of 
natural, biological, 
and human resources, 
and financial and 
Iegal constraints 

v. Developrnent of 
the drought plan 

- 

vi. Identification of 
research needs and 
institutional gaps 

oversee drought 
management and ensure 
interest in drought 
management maintained 

policy: defme role of 
govemment and other 
institutions 
plan: defme 
responsibilities of 
govemment and other 
players 

little use for this step at 
present, as there are few 
major environmental 
problems and poverty is 
so great 

compile information 
related to drought 

define responsibilities 
and actions of 
goverment and other 
players 

improve efflciency and 
effectiveness of process 

Institutional Requirements 

ability to communicate; ability to 
undentand the problem h m  
technical, social, environmental, 
economic and other points of view 
and make decisions; understanding 
of policy to guide decisioos; 
organisational and decision making 
structure; linkages with relevant 
organisations 

understanding of the problem and 
its impacts; understanding of 
potential solutions; ability of 
various institutions to participate 

confiict resolution skills; 
impartiality 

mu1 ti-disciplinary tec hnical 
knowledge; funds; ability to 
conduct research and to manage 
information 

management skills; understanding 
of al1 responsibilities and actions 
that are required 

multi-disciplinary technical 
knowledge; fùnds; ability to 
conduct research 



vii. Synthesis of 
scientific and policy 
issues 

ensure availability and 
understandability of 
information 

linkages and coordination between 
science and policy institutions 

viii. Implementation 
of the drought plan 

start action coordination and management 
skills; ability to cornmunicate with 
other organisations; decision 
making process or defined 
hierarc hy 

ix. Development of 
rnulti-level education 
and training 
progr- 

public awareness and 
public response 

- -  

communication, transportation, 
extension/training skills 

x. Development of 
drought plan 
evaluation 
procedures 

assess strengths and 
weakness of process, 
and make 
recommendations 

ability to develop an evaluation 
framework and io coilect, analyse 
and disseminate infonnation 
objectively 

These institutional requirements can be separated into two groups: those 

pertaining to the people working in the institutions, and those which are mechanisms of 

the institutions themselves. Some c m  be placed into both groups. The institutional 

requirements are summarised in table 10: 



Table 10 - Institutionai requirements of drought management in Mozambique 

People 

interdisciplinary understanding of the 
problem 
technical knowiedge 
undentanding of policy 
undentanding of potential solutions 
ability of various institutions to 
participate 
conflict resolution skiils 
impartialiîy 
ability to conduct research (gather. 
analyse and disseminate information 
objectively) 
ability to manage information 
management skills 
understanding of responsibilities and 
actions required 
extensiodtraining skills 
evaluation skills 

communication 
organisational and decision 
making structures 
linkages to relevant 
organisations or institutions 
ability of various 
institutions to participate 
funding 
ability to manage 
information 
coordination between 
organisations or institutions 
defmed hierarchy 
transportation 

This study has found that many of the "people requirements" for managing 

drought in Mozambique are either lacking completely or there are so few people to fil1 a 

certain role that institutions cannot function effectively. Through the key informant 

interviews. the requirements that were f o n d  to be lacking the most are: (a) an 

interdisciplinary understanding of the problem. (b) an understanding of potential solutions 

and (c) extensiodtraining skills. 

Most of the "mechanism requirements" were found to be lacking as well. and 

again the mechanisrns that present were ofken over-taxed. The mechanism requirements 

that were found to be lacking the most are: (a) communication, (b) funding and (c) 

coordination between organisations or institutions (ie, defining roles of various 
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departments or institutions). 

43.4 Sumrnary 

There are many barriers to the successhil management of drought in Mozambique. 

Most stem h m  the many years of war experienced by the country, and a general lack of 

fun&. Despite these constraints there is a working organisational structure to deal with 

the crisis management of drought. There is also the beginnings of a structure to deal with 

drought on a risk management basis. Both structures rely heavily on aid nom the 

international donor community, yet are still under-staffed, underequipped and lack fùnds. 

In other words, these stnictures would have great difficulty accomplishing what is 

required on their own. 

For drought management to be both effective and sustainable, much work remains 

to be done by both Mozambique and the international community. However, the 

foundations of both crisis management and risk management of drought are in place in 

Mozambique, and await m e r  development. 



CHAPTER FnfE - CONCLUSIONS: IMPLICATIONS FOR RURAL PLANNING 

AND DEVELOPMENT AMD AREAS FOR FURTHER RESEARCH 

5.1 Impücations for Rural Planning and Development 

5.1.1 Practicabiiity of Using Seasonal Forecasts 

A quantitative link has been established between ENSO and seasonal rainfall 

variability over some regions of Mozambique. This finding is summarîsed in tables 6 and 

7 (section 4.1.1). From these tables, it can be seen that forecasting seasonal rainfail in 

certain parts of Mozambique is possible. At the very least, in regions 3, 5,6 and 7, above 

or below average rainfall can be predicted with as low as 68 percent, and as high as 74 

percent accuracy every two out of three years. Furthemore in region 7 above or below 

seasonal rainfail can be predicted with 85% accuracy on average every two yean out of 

five, 

The SOI is of Limited use in predicting the specifc amount of rainfall a region will 

receive in a given season. In region 7, even in years when the standardized SOI is greater 

or less than +/- 0,5 ENSO is only responsible for about one third of the total variation in 

seasonal minfail (R2 = 0,336). In other regions, the variation in seasonal rainfall caused 

by ENSO is somewhat less than other factors, even though it may be the dominant factor. 

Nevertheless, seasond forecasting is a practical application of the ENSO/climate 

teleconnection in some regions of Mozambique. 



5.1.2 Impact of Drought hediction on Mozambiran Farming Systerns 

There are many regions in Mozambique where agricultural output is afCected by 

even a small change in the amount of seasonal rains received. In Gaza Province, the most 

pronounced example of this, the predominant crop is maite which requires 6 10 mm of 

min per crop (Baradas, 1994). However, the total annual precipitation for the entire 

province, except for a 100 km wide strip dong the coast, is less than 600 mm, and as Little 

as 400 mm (Atlas Geo-CO, 1986). It should be noted that in these more arid areas, 

maize is generaily not planted. As the coefficient of variation for the region is about 30 

percent, and, as seen. c m  be significantly higher at the local scale, crop failures are 

statisticaily inevitable on average every other year. 

Accurate seasonal forecasts would be of great help to regions such as Gaza 

Province, where a small deviation in seasonal rainfaii has a large impact. Even a simple 

prediction such as below or above average rainfall would let farmen know if their crops 

are likely to succeed or fail. Furthermore, the high degree of variability makes seasonal 

forecasting even more useful as one year could easily have double (or haln the rainfall as  

another. 

5.13 Managing Succession: Adapting Agricultud Practices 

This study has shown that it is possible to predict drought in certain regions of 

Mozambique and has suggested an adaptive, holistic approach to drought management. 

h conducting the research for this study, it was also revealed that current agricultural 

practices in Mozambique's most arid and drought prone region (the northem interior of 



Gaza and Inhambane Provinces. roughly region 7 on rnap 4) are inappropriate given the 

dry and highly variable rainfaii regime. The principal cereal grown is maize, which 

requires at least 500 mm of rainfall well distributed throughout the growing season. The 

average annual rainfall for this area ranges from 400 to 700 mm per year with an inter- 

annual coefficient of variability of about 30 percent for the regionz1. The CVs for srnaller 

areas tend to be much higher - for example the inter-annual CV for done is 48 

percent. This means that, in an average season, a maize crop planted in this region is more 

than likely to fail. 

The combination of inappropriate management strategies (treating drought on an 

emergency basis only) and poor agricultural practices (planting maize in a semi-arid and 

drought prone climate) hinders human development by keeping communities at high risk 

to the consequences of drought (eg., hunger, poor health, malnutrition) and by relying on 

the international community to provide emergency assistance in times of need. To reduce 

the risk of having to endure the adverse effects of drought, cornrnunities must live in 

within the naturd lirnits of their agroecosystems. This may be accomplished by adopting 

appropriate agricultural practices, and, on an institutional level, by introducing a 

mentality of risk management in managing drought. 

'' S pecificdly , southem Chicualacuala, Candiçado and western Chibuto districts 
(Gaza Rovince), and northern Moamba district (Maputo Province) receive less 
than 600 mm of precipitation per year, are prone to drought and have maize as the 
principal cereal crop. 



5.1.4 Reducing the Risks Associatecl with Drought 

While prornising headway has k e n  made in seasonal forecasting, this study has 

shown that without a suitable framework and, perhaps more importantly, a suitable 

mentality for managing drought, seasonal forecasts are of Limited use. To put it another 

way, if min is forecast but we don't have, or don? believe in. using boots and an umbrelia 

there's little point in iistening to the forecast in the fmt  place. 

This study has shown that the emergency response to drought in Mozambique is 

strong, although it relies heavily on outside aid. Furthemore, the govemment's idea of 

implementing preventative measures consists of k i n g  better prepared for an emergency 

response to drought. 

This is done to reduce 

the cost and dependance 

on international 

agencies. 

As emergency 

relief as a way of 

managing drought is 

aiready quite weli 

established in 

Mozambique, those 

- Plea to Intemational 
comm- 

3 structure 
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Figure 4 Risk management incorporated into present drought 
management strategy 

involved in risk management of drought should seek to coordinate as much as possible 

with emergency relief proponents. Despite the fact that the two philosophies of how to 



manage drought are quite different, the basic problem (drought), the sufiering caused by it 

(hunger and poverty) and those most affected (the rurai poor) are the same. However, as 

crisis management is so ingrained in the relief mentality of Mozambique and international 

aid organizations, a second body to oversee the risk management of drought may be 

warranted. A possible integrated and CO-operative approach to the risk management of 

drought in Mozambique could be developed dong the lines of that seen in figure 6. 

Those involved in crisis management of drought and naturai disasters shouid not 

feel that they rnight be losing their "turf' to nsk management of drought, as it will take a 

long time before farmers can successfully manage the risks associated with drought, and 

there wili aiways be n a d  disasters which c m o t  be handled by risk management alone. 

and in these cases emergency assistance will be needed. 

5.15 Institutional Capacity to Plan for Drought 

Many institutional deficiencies in drought management were uncovered by this 

study. These deficiencies include both institutions required to manage drought. but more 

importmtly, what is required of institutions. Using Wilhite's ten step approach as a 

framework, table 10 summarises what institutions exist, where there are gaps, and what 

recornmendations are made for tïlling these gaps. 



Table 1 1 - Summary of institutional capacity to manage drought 

S tep What Exists What is Lacking Recommendations 

1. Drought 
commission 

DPCCN 
responsible for 
emergency 
action; 
MICOA heads 
body which is 
responsible for 
more pro- 
active 
planning. 

- - 

No drought 
commission per 
se. 

The two bodies should be 
integrated or linked to 
some degree to ensure full 
cooperation and 
collaboration. 

2. Statement of 
drought policy 

Poiicy on 
nanual 
disasters in the 
process of 
king ratified. 

- -  - -  

Once the policy has been 
ratifïed it must be 
evaluated against certain 
criteria 

At present there is 
no policy on 
drought. 

3. Confiicts 
between 
environment and 
economy 

There are 
some 
advocates of 
the 
environment. 

No laws protecting 
the environment; 
Little concept of 
environmental 
protection. 

At present this is not a 
pressing issue although 
since there are no Iaws it 
may become one in the 
future. 

4. hventory of 
resources and 
constraints 

Preliminary 
list has k e n  
compiled 
through this 
researc h. 

Not yet k e n  done 
comprehensively . 

An inventory should be 
made before drought 
policies and plans are 
developed. 

5 Development of 
the drought plan 

various 
components 
exist, such as 
organisations 
and avaiiable 
resources. 

There is no 
drought plan. 

As with step one, 
organisations should be 
integrated or linked to 
some degree to ensure full 
cooperation, collaboration 
and the full use of 
resources. 

- - -  

6. Identification 
of research needs 
and institutional 
PPS 

Many research 
needs, and 
many of them 
are known. 

Little research 
king done; many 
institutional gaps. 

Donor agencies should 
assist in funding research 
and closing institutional 
PPS- 



I 7. Synthesis of 
science and policy 
issues 

8. Lmplementation 
of drought plan 

I 9. Multilevel 
education and 

1 training programs 

Good synthesis 
of science and 
policy. 

Extension 
programs exist 
and there are 
plans for more. 

Impacts of 
drought and 
response to 
drought are 
evduated. 

Response by 
policy makers to 
new ideas c m  be 
slow, 

No drought plan to 
impiement 

Extension 
pro- severely 
hindered by 
shortage of funds. 

No evaluation of 
any other aspect of 
drought 
management. 

A conscientious effort 
should be made to 
maintain a g w d  synthesis. 
A working group could be 
established to review new 
ideas and technology and 
to make recommendations 
to poiicy makers. 1 

Donor agencies should 
help fund extension and 
education programs. 

- - 

Other aspects of 
evaluation should be 
strengthened with the aid 
of donor agencies or 
consultants, 

5.1.6 What is Required of Institutions 

In order for the implications discussed in this section to have an effect, institutions 

must not only be present, they must be functioning properly. It was found that this is not 

always the case in Mozambique (see section 4.3.3). 

The principal "people requirements" of institutions that were found to be lacking 

are (a) an interdisciplinary understanding of the problem, (b) an understanding of 

potential solutions and (c) extensiodtraining skills. The fmt two of these, (a) and (b), 

could be strengthened through a workshop on the risk management of drought and other 

facets of drought management. As drought is a problem of great concem in neighbouring 

counoies in southern Afiica, the workshop should include these countries as well. The 



third, (c), could be strengthened through training courses or funding to hire more 

extension workers. 

The "mechanism requirements" that were found to be lacking are: (a) 

communication, (b) funding and (c) coordination between organisations or institutions 

(ie, defining roles of various institutions). Of these, (a) requires investiment in 

communication infrastructure such as telephones, fax machines and internet, as well as a 

culture of open communication, (b) requires either increased efficiency of institutions or 

increased funding from the govemment or the donor cornrnunity, and (c) requires a 

government task force or consultancy team to establish how such coordination should 

work. 

In order for Mozambican institutions to function properly, and for seasonal 

forecasting and drought management to be successhl, these shortcomings must be 

addressed, 

5.2 Shortcomings and Areas for Further Research 

5.2.1 The Inter-Disciplinary Nature of the Shidy 

While a major strength of this study is its inter-disciplinary nature, this cm also be 

seen as a shortcorning. The problem of drought must be examined from many different 

points of view as it can affect most aspects of the environment, society and the economy. 

It c m  also have political consequences. However, there are more points of view to 

examine than can be included in a single thesis. Furthemore, by following an inter- 

disciplinary path the breadth and depth of individual sections of the thesis are reduced. 



This thesis has concentrated on drought fiom a planning point of view, concentrating on 

scientific and institutional issues. The views of individual fanners and rurai communities 

were not included. The risks of drought to aspects of Mozambique other than agriculture 

were not considered in depth. Agriculture experts who could help design a risk 

management strategy for min-fed agriculture in Mozambique were not consulted. 

5.2.2 Appropriate Scaie 

Another shortcornhg of this thesis is that it doesn't address the problern of 

appropnate scale in forecasting drought. Spatial rainfall variability is greater on smaller 

scales than on larger scales, meaniog that seasonal forecasts are Iess reliable at the local 

scale as local meteorological factors always outweigh synoptic factors, and therefore do 

not ensure success or fdure to every farmer in the region. Where seasonal forecasts are 

most useful is in helping to predict on a large scale (on the order of 1OOO kmz) what crops 

are likely to succeed, what areas are the most vdnerable to impending drought or floods. 

or, in a wont case scenario, estimating how much food aid or other emergency relief will 

be needed. Similarly, the accuracy of long range forecasts will vary with time. Forecasts 

are more accurate on shorter tirne scales than longer time scaies. A key to the success of 

using seasonal forecasting in drought management will be to determine appropriate scdes 

of time and distance on which to rnake predictions, so that they are accurate and useful at 

both the household and policy levels. 



5.2.3 Improving Seasonal Forecasüng 

The accuracy of seasonal forecasting in Mozambique could be significantly 

improved with research in the following areas: 

(a) Principal compon en t ana lysis should be used tu regionalise Mozambique 's rainfall. 

Whde the rainfall regions used in this study were found to be relatively coherent, they 

were based partly on climate classification and partly on estimation. Ushg principal 

component analysis to regionalise Mozambique's rainfall would reduce error in this part 

of the study. 

(b) As previously mentioned, a high corre lution coencient was obtained beîween 

seasonal precipitation and rnuize yields in Zimbabwe, and eastem equatorial sea suflace 

temperatures. 

This study shouid be replicated in Mozambique. However, it may be difficult to do so as 

many years of war have interfered with agriculniral production, and war is likely to have 

had a much greater influence on agriculture than climate. 

(c) Climate data ut INAM should be re-organized. properly archived and entered in to a 

database. 

This process, which is presently under way, is essential for making full use of INAM's 

wealth of clirnate data, 



( d )  Tu increase the accuracy of long range forecasting, factors other than ENSO activity 

musr be exwnined. 

Such factors couid include the zona1 and meridional strength of the RCZ, strength of the 

Atlantic and Indian Ocean anticyclones, and sea surface temperatures of the Mozambique 

channel. The relationship of these variables to temperature as well as precipitation should 

be considered. 

5.25 Drought Management 

Many research oppominities are presented by a holistic, adaptive approach to 

drought management. First and foremost among these is research into fanning systerns. 

In conducting this study, only one paper was encountered which concems Mozarnbican 

subsistence farming systerns specificaily. Much information is needed in this area for an 

adaptive, holistic approach to drought management to be successful. Some potential 

starting points in this research include: 

(a) Researching traditional strategies of coping with drought. 

(b) Researching appropriate fanning strategies for specific regions. 

(c) Making an inventory of strategies and resources available in times of drought, how 

these are Sected by drought, and their impact on the environment. 

(d) Establishing permanent test plots at the village level to compare the relative success 

of traditional practices, current practices and expert advice (ie, that given by the FA0 or 

the Ministry of Agriculture). 



(e) Using seasonal forecasts (provided by INAM, INIA, FAO, SADC, University of 

Zululand, or others) and test plots in rural extension to help family sector f m e r s  make 

decisions in how to cope with drought (in other words, how to manage succession) and to 

live in a sustainable manner in a region of recurring drought. 

(f) Make linkages with Latin Amencan institutions (especially those in Pem and Brazil) 

which are using ENS0 to help plan for and manage drought. 

These and other areas for further research form a basis for related studies in 

planning for drought, drought assessrnent and drought management in Mozambique. 

53 Action Plan for Mozambique 

Oppoitunities and challenges for planning with nature in managing drought in 

Mozambique have been presented in this study. To take full advantage of the 

opportunities, the challenges rnust be addressed in a substantial and meaninghil way. 

Successfidly using seasonal forecasts to manage the risks of drought will require action to 

overcome institutional weaknesses and fill knowledge gaps. 

The weakness and gaps addressed in this section have been discussed in detail in 

the previous chapter. Increasing institutional capacities and conducting further research 

are necessary for achieving the goal of the study, which is to develop a risk management 

approach for managing drought in Mozambique. Thus, the final step of this study must 

be camed out by the Govemment of Mozambique. its institutions and the NGO 

communi ty. 

To aid in this process, the folIowing action plan bas k e n  developed for 



Mozambique. To be implemented at the National level, the action plan has the objectives 

of filhg knowledge gaps, improving the institutional capacity to use seasonal forecasting 

in managing the Nks of drought, and dtimately ensuring a proactive local response to 

drought. With the exception of one step, the time h e  of this action plan is 

approximately two years. 



- -  - 

Activity 

1. Contact major 
developmen t 
organisation such as 
UNEP or UNDP to statc 
intention of developing 
a risk management 
strategy for drought 
management. 

--- - - - 

2. Hold workshop 
addressing inter- 
disciplinary nature of 
drought and 
opportunities for 
reducing risks of 
drought. 

1 month 

- - 

6 months 

- 

Potential Lead Agency 

MICOA, DPCCN or 
joint appenl from 
MICOA and DPCCN. 

- - -- -- 

MICOA, with 
participants from 
relevant institutions, 
including neighbouring 
couniries, foreign 
experts and Latin 
American organisations 
using ENS0 forecasts 
(eg Brazil, Peru). 

Outcomes 

(a) ensure that al1 parties have a shared understanding of Iiow 
to manage drought in Mozambique 
(b) establish Government of Mozmbique as initiutor and 
leader 
(c) ensure institutional and organisational support 
(d) have access to funding, information, expert advice and 
other facilities should they be required 
(e) successful completion of w action plan to improve 
drought management in Mozambique 

(a) better understanding of the problem of drought at al1 
levels 
(b) better understanding of risk management solutions to 
managing drought at all levels 
(c) list compiled of opportunities for reducing the risks 
associated with drought 
(d) outline of a strategy and time line for further action 
(e) division of responsibilities between relevant organisations 
(f) consideration of various recommendations, including those 
made in this study 



Activity 

3. Research in key 
areas of drought 
prediction and drought 
management. 

4. infrastructure 
improvements in some 
key areas, notably 
communication 

Time Frame 

1 year or 
more 
(steps 3 and 
4 carried out 
concurrent1 y) 

1 year or 
more 
(steps 3 md 
4 cmied out 
concurrently) 

Potential Lead Agency 

Various agencies 
depending on task, 
including DIAM, INIA, 
Ministry of Agriculture, 
MICOA and others. 

Various agencies 
involved in drought 
managenien t, suc h as 
MICOA, INAM, INIA, 
Ministry of Agriculture, 
DPCCN and others. 

Outcornes 

(a) improved seasonal forecasting for Mozambique (see areas 
of further research discussed in section 5.2.3) 
(b) documentation of traditional coping strategies which 
existed or are currently being used 
(c) impact of these strategies 
(d) how traditional strategies could be improved or restored 
(c) development of improved traditional or new crops 
(f) development of new coping strategies 

(a) improvements to physical communication links, such as 
telephone systems, the intemet or roeds 
(b) improvements in the capacity of institutions to exchwge 
information in a timely, accurate and open manner both 
intemally and extemally 
(c) these outcomes could result in improved monitoring of 
drought conditions, improved extension services and better 
communication of forecasts, wmings and advice to rural 
communit ies 



Activity 

5. bcrease local level 
capacity to manage 
drought. 

6. Workshop to assess 
advances and progress. 

Time Frarne 

5 to 10 years 

4 months 

Potential Lead Agency 

MICOA, DPCCN 

Agency which h u  
assumed coordination 

1 role in outcome 2 (e). 

Outcornes 

(a) ensure that national action will have ü local response 
(b) improved communication between national and local level 
institutions 
(c) rebuilding of local institutions and increasing their 
oapacity to implement drought management plans 
(d) reestablishment of traditional crops, or introduction of 
improved crops 
(e) restocking of animal herds where appropriate 
(f) use of risk management livelihood strategies 
(g) increased capacity in other areas 

(a) detailed strategy covering al1 aspects of a risk management 
approach to drought management in Mozambique ai the 
national and local levels 



AU of the above steps wiil involve mobilising f u n k  and other resources from the 

Govenunent of Mozambique or the international donor community in order to ensure 

their successhil completion. This will involve proposal writing, lobbying and other 

approaches. While adequate funding has been identified as a major barrier for most 

institutions in this study, the idea of a risk management approach to drought management 

should help to mobilise funding and other resources from the international donor 

cornmunity. However, in the absence of funding, there wiil remain a need to focus on 

these issues. 

If the above steps (or the steps of some other action plan) are carried out 

collaboratively between Mozambican institutions and NGOs, experts in the field or 

consultants, the institutional capacity of Mozambican institutions could be improved 

significantly. Ideally, the completion of such an action plan in a collaborative way would 

not only result in a successfd risk management plan for managing drought in 

Mozambique, but also in hinctioning institutions able to direct, implement and manage 

such a plan. 

5.4 Sumrnary 

This study has demonstrated, within reasonable doubt, that a risk management 

strategy for managing drought in Mozambique is possible. B has also proposed that this 

will be a more efficient and effective way of managing drought in Mozambique. The 

scientific basis for such a strategy exists and has been described. The institutional 

capacity to plan for drought does not at present exist, although this human side to the 



problem can be developed. 

More specifically, the study has developed the exposure assessment and control 

option components of a drought assessment and management model. It has determined 

that ENS0 teleconnections can be used in predicting drought in certain parts of 

Mozambique. a poor and fragile country exposed to recurring drought. It has further 

determined that present drought management strategies are either not sustainable or not 

feasible in Mozambique, and therefore an adaptive, hoiistic approach to managing 

drought has k e n  developed. 

This study has also determined that all institutions required to manage drought 

using this model do not at present exist. Furthemore, of the relevant institutions that do 

exist. many do not have the capacity to perform their respective functions. However, 

with further research and action in certain areas institutions can be built and institutional 

capacity can be increased, meaning that planning with nature in managing drought in 

Mozambique is not only possible, it is also plausible. 
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Appendix B - List of Stations 

No. - 
1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 
13 
14 

15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

3 1 
32 
33 

Station ID Station Name 

CD0000 13 Mocimboa da Praia 
CD0000 14 Montepuez 
CDOûOû22 Mecufr 
CD000034 Pemba 

NS001002 Cuamba 
NSOO IO03 Lichinga 
NS001014 Maua 
NS00 1025 Mecula 

NP002005 Namapa 
NP002006 Ribaue-Agricola 
NP002008 Angoche 
NP0020 1 3 Name til 
NP002020 Moma 
NP002040 Mutuaii 

TT003002 Tete 
TT0030 15 Zumbo 
TT003027 Fingoe 
TT003053 Ulongue 

ZBWûû 1 Quelimane 
ZBW0 1 7 Namacurra 
ZB004024 Alto Moloque 
ZB004028 Chinde 
ZB004029 Pebane 
28004032 Errego-ne 
ZB004037 Mocuba 
233004038 Maganja da Costa 
ZB004043 Gurue 
ZB004050 Narnarroi 
ZB00405 1 Milange 
ZB004063 Tacaune-Madal 

MN005003 Vila Manica 
MN005015 Chimoio 
MN005032 Messambuzi 

SFûû6007 Beira - Observatorio 
SFûû6030 Inharninga 
SFûû6043 Chiou 

IBO7003 Inhambane 
IBO07004 Inhamime 
IBO07005 Momimbene 
IBO07009 Quissico-Zavala 
IBO070 10 Vilanculos 
IBO70 1 1 Massinga 
IBO70 14 Inhamussa 
IBO070 15 Mocumbi 
IBO070 18 Funhalouro 
IB007041 Mabote 
IBO7046 Mambone 

GZ008007 Manjacaze 
GZûO8022 Pafbri 
GZ008032 Xai-Xai 
GZ008035 Maniquenique 
GZ008050 Chokwe 

MP009001 Maputo - 
Observatorio 
54 MP009003 Namaacha 
55 MPOO9005 Umbe1uz.i - Agricola 
56 MP09010 Manhica 
57 MP009029 Chobela 
58 MP009040 Tinonginane 



Appendix C - Interview Guides 

Interview Guide 1: Review of Mozambique's Current Drought Management 
Plaa/lPrac tices 

1. Is there a drought commission in Mozambique? 
If so: 

a Who is on it? 
a How often does it meet? 

How is it funded? 
a Who does it report to? 
a What is the mandate and the responsibiüties of the commission? 

Does the commission include any cornmittees? 
What are the activities of the conunission? 
Who funds these activities? 

a What role does the commission play in forming policy and plans? 
If not: 
How are decisions currently made? 

a Who has a Say in making decisions? 
Who has the final word? 
Does everyone aec t ed  by drought have a voice? 
Who are seen as the beneficiaries of decisions? 
How is information about drought received? 

a How are relevant agencies (eg. INAM. INIA. Ministry of Agriculture ...) linked? 

2. 1s there a drought policy andor planning objectives? 
What are they? 

What aspects of drought management do they cover (prediction, monitoring. 
impact assessment, pro-active measures, reactive measures ...) 
Do they consider social. economic and environmental aspects of drought? 
Who wrote the policy/planning objectives? 
Who are the main beneficiaries of the policylobjectives? 

3. 1s there any contingency for resolving conflict between environmental, econornic and 
social sectors? Is there any need for this? 

Who represents the economic sector? 
Who represents the environmental sector? 
Who represent the social sector? 

4. What are the various resources available to help manage drought (quality and 
quantity)? How are these resources wlnerable to drought? 

Natural (water) 



Biological (quantity/quality of grasslands, rangelamis, forests, wildlife, wild 
food. .*) 
Physical (dams, reservoirs, irrigation, pipeline ...) 
Technical (cornputers, climatekrop models, satellite info...) 
Human Resources (technicd expertise, labour to use physical resources, extension 
services.. .) 
Financial (cost of transporting food, water, paying employees ...) 
Legal (water rights, obligations of water suppliers, emergency measures ...) 

5. What is the drought management plarhow will the drought management plan be 
developed? 

What level of officiai representation is required at commission meetings? 
What institutions/organizations are involved? Are people paid to attend? 
Are these mirrored at the provincial. district and local level? 
What are the components of the plan (does it include prediction, monitoring, 
impact assessment, recommendations.. .)? 
How are decisions made? 

Have thresholds been defmed (ie, when ppt 50% below average, SOI < -0.5 or 
WSI = 75%) that wiii trigger action? 
1s action determined by other means? If so, what? 
What time scaies is the plan concerned with (shortlemergency, mediumfrecovery, 
long/pro-ac tive)? 
Who is responsible for implementation? 
Who benefits from the plan? How do they benefit? 
How have communities traditionally prepared for, coped with and survived 
drought? 
To what extent does the plan use traditional drought management practices? 
To what extent does the plan attempt to alter curent practices? 
How is the plan funded? 
How does the plan contribute to the country's food security? 

6. What are current research needs and institutionai gaps which provide opportunities or 
pose barriers to a drought management plan? 

Who is responsible for canying out this resemh? 
How will it be funded? 

7. How are scientific and policy issues synthesized? 
Do policy rnakers understand scientific and technical issues? 
Can science inform planning and policy? 
How can clear and open communication between science and policy be promoted? 
1s there a person or institution to act as a liaison between the two groups? 
1s the administrative culture open to such a liaison? 



8. How will the drought plan be implemented? 
How is the plan supported politically, fmancially (resources) technically? How is 
it not supported? 
Who will receive credit for the drought plan? 
Who will implement the plan? 

9. What is the extent of educatiodextension and trainhg programs? 
What is the public's level of awareness of how to mitigate short and long term 
impacts? 
How is the media involved? 
How is the National Drought Commission involved? 

10. Do drought plan evaluation procedures exist? Are there anj. plans for evaluation? 

Interview Guide 2: Technical Capacity 

1. Education and Training 
How many people with degrees (bachelor, master, PhD) in meteorology, 
agrometeorology, agronomy. ..are there? 
What are the positions of these people? 
How many are permanent and how many are visiling? 
What are their specialties? 
Are they currentiy active in research? 
How are they tied down by bureaucracy? 

2. Computen and Training 
What computer facilities are available? 
What programs are most cornrnonly w d ?  
How many people have access to these cornputers? 
How many people know how to use these cornputen? 

3. Good Histoncal Record of Precipitation 
What is the extent of the histoncai clirnate record? 
How is the data stored? 
How much of this has been entered into a data base? 
Are there plans to enter the rest of the data? 
How is the data accessed? 
Who can access the data? 

4. Consistent and Reliable Network of Climate Stations 
How many stations are reporhg in real t h e ?  Which are they? 
How consistent are these stations? Are there ever gaps in the reporting? 



Are there plans to increase the number of stations and improve the quality of 
reporting ? 
What are the major constraints to the network? 

a How can these constraints be overcome? 

5. Communication and Other Links with Outside Organizations 
Which organizations does INAM have official communication with (ie South 
African Weather Bureau, SADC Food Security Unit...)? 

a How was this communication established? How is it maintained? 
What information is exchanged? Is there any fee? 

6. Open and Good Communication with Planners, Policy Makers and the Media 
What Governent institutions is INAM in contact with? 
How do govemment institutions communicate? 
Is the communication open, honest and cooperative? 

a How do INAM and the media communicate? 
How is INAM perceived by the media and the public? 

7. Calibration with the Ground 
1s the effect of variation in precipitation on crop yields in Mozambique know? 
If not, what efforts are under way to link precipitation amounts to crop yields? 
How is drought monitored? 
Who monitors drought? 

a What aspects of drought are monitored? 
How is this activity supported? 

8. Motivated Workers 
What is the motivation level of workers involved? 
What is any lack of motivation due to? 
How can this be overcome? 
What is done with un-motivated workers? 
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